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INTRODUCTION 



^ ^ FlTJid pdteer is the technology of transmitting power by means of pressur- 
ized fluids. It was one of the first power sources u$ed by man, was one, of 
the earliest industrial power distribution sysf£ms, and is widely used today 
in modern power handling systems. Fluid powgr systems may use either a liquid 
(hydraulic) or a gas (pneumatic) as an energy transfer medium. 

This module discusses the advantages and disadvantages of fluid power,' 
outlines the basic components and configurations of both pneumatic and hydrau- 
lic power systems, introduces fluid power symbols and circuits, and includes 
•a review of .basic principles of physics that apply to fluid power technology* ( 
Physics concepts discussed include pressure, force, work, and power as they 
relate to fluid power calculations; the basic principles of fluid behavior; 
and the characteristics of compressible and incompressible fluids. The funda- 
mentals of fluid^power presented in this module are the bases of all fluid 
powet\appl ications. These fundamentals are expanded in later modules. 

The^laboratory for this module consists of an exercise in which the stu- 
dent constructs and operates a simple hydraulic circuit and a simple pneumatic . 
circuit and then compares th§ operation of the two. 

PREREQUISITES 



the student should have completed one semester of algebra and one semester 
of technical, physics. ' 

■ . ' / ■ v v OBJECTIVES 

Upon completion of N this module, .the student' should be able- to: 

1. . Define 'the following terms: 

a. - * Fluid power k . 

b. Hydraulics " . • 

c. P-neumatics 

d. Hydrodynamics . ^ ■ 

e. Hydrostatics 

2. List at^least' six advantages and foifr disadvantages of fluid power as 
„ compared to' other power delivery systems. 

. v \ FL-01/Page 1 



3. Draw diagrams showing the components of a basic hydraulic power system ' 
and a basic pneumatic power system. Label each component and describe 
its function within the system. 

4. £iven any two of the following quantities for a fluid powfcr cylinder, 
calculate the third : v 

/a. Pressure . ' * . 

b. Piston area . . 

c. Force 

5. Given any two, of the following quantities for 'a fluid power cylinder,, 
calculate the third: \ 

a. „ Pressure 

b. Volume displacement 
H c. Work done 

6. Given any two of the following quantities for a fluid powe^ system, cal- 
culate the-third: % 

a. Pressure . - 

b. Volume flow rate*' 

c. Power J ■* * 

7. Describe each of the following principles of fluid behavior and. explain- 
how it relates'to fluid power systems: 

a. Pascal 's law ~ # • 1 

b. The continuity equation - \ : 

c. Bernoulli ' s theorem 

d. Torricelli's theorem 

e. Boyle l s law • 

f. Charles' law -~ . 

8. Draw schematic diagrams, showing all components and connections; of 

hydraulic an^ pneumatic circuits for operating ojie single-acting 

> 

cyl indent ... t 

9. Constructive fluid circuits in Objective. 8 and operate them in the labora 
tory. " 
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SUBJECT MATTER 



INTRODUCTION TO FLUIP. POWER 

Fluid power is a technology that deals with the transmission and control 

of energy by means of pressurized fluids. Fluid ftoweV systems that use in r 

compressible fluids (liquids) are cal.led hydraulic systems . Those that use, 

compressible fluids (.gases, usually air) are called pneumatic systems . In 

either case, the fluid power system operates in the following manner: -it 

< i. 

adds potential energy to a fluid at one location by increasing its pressure, 
it moves the fluid to another location, and it recovers the energy for useful 
work by lowering the fluid pressure. 

The term " hydrodynamics " refers to the behavior of fluids in motion; • 
the term " hydrostatics " describes the behavior of fluids at rest iri an equi- 
librium condition. This definition seems to imply that the study of fluid 
power .would depend heavily on hydrodynamics since energy is to* be moved by mov- 
ing a fluid and would depend less on hydrostatics since a fluid that is not 
moving cannot transmit continuous power. However, this is not the case. Most 
of the energy .contained within the fluid is in the form of the potential energy 
of increased pressure, not in the kinetic energy of motion. Hydrodynamics 
is useful to study since it describes the effects of resistance to flow, turbu- 
lence, and pump design; but the interest is always on lessening th'e hydrody- 
namic energy losses.- Practical • fl uid power systems are designed to have rela- 
tively low fluid velocities; therefore, their hydrodynamic properties are 
of little importance to system operation. Since fluid power depends on trans- 
mitting energy ^through small fluid flow fates -at high pressure, it is much 
more dependent on hydrostatics. The basic principles of hydrostatics - as 
they apply to fluid power - are discussed later in this module. ^ 

BACKGROUND AHV AW LI CATIONS OF FLUID TOWER 

Applications of fluid power are probably as old as civilization itself. 
Ancient history contains njany accounts of the use of moving water and air 
to power waterwheels, windmills, and ships. * The first scientific basis of. 
fluid power technology was investigated by Pascal in about 1650. His discov- 
eries eventually led to the development of fluid power systems and to the 
development of steam and' internal combustion engines. Pascal's law is-de- 
scribed later in this module. . 

8 
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Fluid power was first applied as an industrial technology in the Indus- 
trial Revolution in Great Britain in 1850. By 1870, the use of hydraulic ' \ 
systems to drive machinery was common. The development .of electricity in 
the late ni/neteenth century lessened the interest in fluid power, although 
its use did continue. The development' of modern fluid power technology began 
in World War II with an increase in the use of fluid power in riaval vessels, 
in aircraft, anef later in production machinery. Modern fluid power systems 
a^e essential parts of most industrial processes and most mobile power systems. 

One of the largest applications of fluid power is in the transportation 
industry. Automobiles employ fluid power for the operation of hydraulic brakes, 
power steering, and other accessories. Aircraft and marine vessels use hydrau- 
1 ic control s. ^ ' 

Fluid power is also used in a wide variety of applications involving 
moving large loads. This included ditchdigging and ear.th-moving equipment, 
cranes, and construction equipment. Any industrial application requiring 
large forces is a candidate for fluid power since no other power system can 
conveniently produce such large forces. L'arge fluid power systems operate ^ « - 
presses, forges, and milling equipment. Fluid power is as common as electrical 
,power # in many modern industries. 
* 

\ 

ADVANTAGES AND DISADVANTAGES OF FLUID POWER . 

The suitability of fluid power for any power application is dependent 
upon several advantages and disadvantages of fluid power, as compared to other 
forms of poy/er del i very . 

• ? * v 

ADVANTAGES' . ;* < , jt 

Magor advantages of fluid power include the following: 

1. The fluid, wh^Jier gaseous or liquid, will remove heat generated during 
-s the power application. fhus s for many applications, the cooling problems 

are much less severe than with electric motors. 

2. A hydraulic device is mechanically rigid with respect to the load. It 
can, position and hold loads without a mechanical lock, even after the 
power source has been turned off.' This is also trMe # of some pneumatic 

* devices, but not a>l; 

3. > N4rid power devices ^re highly responsive due to their high power-to- 
^ weight ratio. ■ 

Page 4/FL-01 




4. • Fluid power devices are much easier to install than mechanical' power 

' transmission equipment, they occupy a minimum* of space and are easily 
controlled from a gemote location, j* * 

5. - Fluid^power devices offer great control of power application. They are 

reversible and may be operated at either constant or variable power irf 
* either direction. * ^ 

"6. Fluid ppwer control may be easily accomplished by a wide range of confrol 
modes '(mechanical^ efectcical, fluidal). 

7. Fotce multiplication Can be accomplished with low power losses. 

8. Fluid power often permits simplification of maChirjp design and reduced , 
maintenance. % ■ „ 

9. Fluid power may be used safely in environments* that make the use of elec- 
tricity hazardous. , 

I t 

Major disadvantages of fluid power include' the following: 

1. Hydraulic fluids are messy, and they attract and hold dirt, 

2. All fluid power systems are susceptible to damage by dirt or examina- 
tion. Careful design 2nd workmanship and a good maintenance program 1 
are'essential . Mechanical and electrical systems can continue to func- 
tion with far less attention. t 

3. Conductor failure because of overpressure or mechanicaj- stress is always*, 
possible; this presents a serious safety problem. t t 

4. Most common 'hydraul ic fluids are combustible and present- fire hazards, 

■ V y ' : ^ ' - . 

BASZSTFLUW POWER SYSTEMS , 

* 

Although fluid power systems vary^ greatly in size and sophistication,* 
all may be classed as either hydraulic or pneumatic. However, each of these- 
two classes has certain common components and configurations. This section 

the module discusses the -basic components and characteristics of hydraulic 
and pneumatic systems. 
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HVVRAULK SYSTEMS . " ' ' 

• # . figure 1 shows a typical hydraulic system using an incompressible liquid 
as the -power transfer fluid.' The liquid Js contained in a reservoir at atmo- 
spheric pressure. -The,* liquid is drawn through ^ filter to remove contam-^ 

- inants to the pump of the 
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Figure 1. Typical Hydnaulic System. 



systems The pump- may be 
driven by any convenient 
source of rotational mechan- 
' ic'al energy - such as an . 
electric motor, a gasoline 
6ngine, or a steam turbine. 
The pump, which is of the" 
pos.itive-dispTacement type-, 
delivers li'quid at a Con- 
stant flow rate within J' ^ 
its rated pressure ran'ge. 
The pump* provides m no pre's- 
-'sure control , and it has 
0 a fixed delivery rate. 
It converts 'mechanical energy 4 to potential energy of a liquid under pressure. 
Pressure \$ controlled by a pressure control device called a pressure 
* reTT&f val.ve. This valve remains closed below a certain pressure; but at 
the preset delive,ry pressure, it-opens to allow liquid to flow directly back 
' "to the reservoir. If no other fluid patfc^exists, all of the pump output flows 
through this vaWe-r- Thus, thi 5 device, protects the .pump* and the,resfof 
the system from overpressure conditions^ryi maintains the proper'operating 
. pressure. The reservior,^pump, filter, and pressure control comprise the 
fluid power* source. 

Several types of devices may be ^operated by .fluid power, bi£L the simplest 
4 and most common is a cylinder containing a piston. The piston. shown in Figure 
T is a double-acting, cylinder "that can be powered \n either direction, depend- 
ing on the, direction of fluid flow to the cylinder. In either direction, 
the force produced by the pressurized 1 iquid^causes the piston to exert a 
force on the load. • > - 

the action of the piston is .controlled by two types of control valves. j 
Directional control valves are ijskd to" control the direction of flow to and from 
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the VistonJf. They are' usually capable of directing hydrauli* fluid to either 
end of the cylinder or of shutting off the flow completely, although one of 
these functions may be excluded. Functional controls may be used to control « 
"the rate* of fluid flow in a particular part of the system or to produce se- 
quential operation of the components. 

In a hydraiflic system, the speed of operation of any driven component 
depends upon the rate at which the pump can deliver liquid to fill that com- 
ponent. Changing the pressure setting will change the maximum force produced,* 
but 'will not change the operating, speed of a cylinder. 
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PNEUMATIC SYSTEMS 

FTgure 2 shows a typical pneumatic power system using air (a- compressible 
gas) as the power transfer fluid. One majpr advantage of th\s sytem is that 
air may be drawn directly from the atmosphere and exhaosted into the atmosphere 
when used'. This eliminates the' need for return lilies and a reservoir contain- 
ing. the working fluid." Jhe chfef disadvantages - as compared to a hydraulic 
sytem - are the need' to clean and condition the air and the* lack of positive- 
displacement control be- ' * 

cause of the compressibil- 
ity -of the, working fluid. 

*In the pneumatic sys- 
tem, *jr enters the com- 
pressor^through an intake 
filter. The Compressor 
jnereases thfe.. density, 
pressure, and potential 
energy of the air. Most 
compressors are of^the 
positive-displacement 
type, delivering a con- 
• $t;ant volume flow of air. 
The 'cqnjpressor is often 
followed by a "storage tank 
containing pressurized air 
thai, actsas $ power source 



FILTER 



LUBRICATOR; 
REGULATOR 



IPjl 



Figure 2. Typical Pneumatic System. 
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when the compressor is not in operation. This relative ease of storing energy 
for later use is one of the major advantages of pneumatic power systems, al- 
though the same principle can be applied to hydraulic systems. 

The pressure control of the pneumatic system may function in one of three ^ 
Ways: 1 

1. It rfialy allow excess air to escape to the atmosphere in much the same 
way .tnat the pressure r rel ief "valve of the hydraulic system allows excess 
fluid \ to flow into the reservoir. - . • 

2. It may regulate compressor power or intake volume. ' \ 

3. It may turn the compressor on and off at preset pressures for systems 
employing storage tanks. 

The compressor, pressure control, and asspciated equipment comprise the fluid 
power scwrxe^ ^mgressed air from this source is distributed for power appli- 
cations, * c% ■ , i 

Air distribution systems are susceptible'^o condensation, dirt, and scale 
in the pipes. This foreign, matter must be removed before th£ air 1 can be used, * 
and t\\e air must be conditioned. Three devices accomplish air conditioning: 
1. A filter removes water and dirt. 

Z. A pressure regulator* suppl ies air at a constant, preset pressure in- 
dependent of fluctuations in del i very '1 ine pressure, *• % 

3. x A lubricatof injects oil for lubricating and sealing the driven device* 

These lubricators are usually contained in a single unit (FRL unit) located 
near the driven device.- 

The pneumatic cylinder, directional controls, and functional controls 
are similar to those of the. hydraulic system. 

In a, pneumatic systefn, the speed of operation of a driven component may 4 
increase with increasing pressure because the working fluid is compressible. 
The air expands to produce a delivery rate to .the driven component that exceeds 
the fixed delivery ,of the compressor ~ particularly if the system contains 
a storage tank, as most do. Th}s may lower system pressure for a short- time; " 
but, if the total system volume greatly exceeds the volume of the component, * 
the effect is slight. Thus, increasing the pressure of a pneumatic system 
increases both the maximum force available and the operating apeed of compo- 
nents against a fixed mechanical resistance. < , 

-v - ■ I 
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REI/IEW OF PHYSICS FUNDAMENTALS 

Fluid power systems transfer energy from one place to another for appli- 
cation. This section of .the module reviews some basic principles of physics 
as they relate to energy transfer in fluid power systems. 

» 

FORMS OF BIERGV ^ 

i 

Energy is the ability to do work,' to cause change, or to produce motion 
in a physical system. %In' industrial applications, this, energy is usually 
mechanical, electrical, thermal, or fluidal. Fluid power systems are designed 

; tg deliver energy '.in the form of fluidal energy, but they always involve other 
types of energy, as well. Pumps and compressors convert the kinetic energy 

. (mechanical rotational energy) ^of the moving toi|ipongnts to potential energy 
of the pressurised fluid. The input energy to the pump may be supplied by 

£-an electric motor or a heat engine. The output energy of fluid power systems < 
is always mechanical motion. Fluj d power controls operate through the appli- 
cation of mechanical, electrical, thermal, or fluidal input signals. The • 
presence and flow of heat energy in fluid power systems is often of great impor 
tance. In short, a fluid power system is always composed of components that 
utilize other types of energy and is always integrated into a larger system 
as a power delivery subsystem. Fluid power never exists in isolation.- Since 
the basic operation of fluid power systems consists of transmitting fluid 
power and^f power conversions between mechanical .and fluidal systems, only 

those basic principles are presented here. 

1 

FORCE km PRESSURE , * 

Pressure is defined as "the force per unit area exerted by a fluid." 
In fluid power applications, pressure is usually measured in pounds per square 
inch and is expressed in, gauge pressure (atmospheric = 0 psig) rather than 
absolute pressure ([atmospheric ■ 14.7 psia). The force produced on a surface 
\fry a fluid is given in Equation 1. 

'where:- F s Force, in pounds. 
4 p = Pressure, in {founds per Square inch. 

• A = Area,, in'.square inches: , 
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Figure 3. Relationship 
of Force, Pressure and Area. 



. Figure 3 shows the application 
of Wis equation to fluid power. The 
force produced on the piston is the 
•product of the pressure of the fluid 
and the area of the cylinder. Example 
A -illustrates the application of this 
principle in a simple fluid system for 
force multiplication. 



EXAMPLE A: FORCE MULTIPLICATION IN A HYDRAULIC LIFT. 



Given : 







///////// 







6ln. ' 



A hydraulic 1*1 ft has an input 
cylinder of 1 inch in diameter- 
and an output cylinder 6 inches 
in diameter. -A downward force of 
100 lb is applied to the 
input piston.' Assume this produces a pressure that is equally 
distributed throughout the liquid. 

a. -The pressure. e 

b. The upward force on the output piston. 
Find cyl inder areas. 

4 , 



■ A 



(3.14)0.0 in) 2 
4 



Ai 

Ai ='0.785 in 2 



A 2 = (3.14)(6 in) : 
A 2 = 28.26 in 2 



From Equation 1 : 

Pl "AT 

100 lb 



b. 



0.785 in 2 • 
.Pi = 127:4 psig (lb/in 2 = psig-). 
F 2 = P 2 A 2 

' = (127.4 psig)(28.26> 2 ) - 
•F 2 = 3600 -lb. v 
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WORK DONE By A FLU1V # ' fc * 

Figure 4 illustrates the work done by a flu-id on a piston* The work 

done is equal to the potential energy removed^frpm the fluid arid converted! 
to mechanical work done by the 



piston. Equation 2 gives the 
work done by a piston under con- 
stant load, . - 

( 



4 



V = Ad • 
W*Fd:pV 




* Figure 4. Work Done by a Fluid. 

% 

\ 

1 W = Fd = pV Equation 2 

where: W = Work done. 4 
F = Force* on -piston. 
K d = Displacement of piston, 
p = Fluid pressure. x 
• V = Change in fluid volume in cylinder '('the product' of the, prsjton 
area and displacement). i 4 

Example B illustrates the application of Equation 2 in calculations* in- 
volving the input^and output energy of a simple fluid system, 

1 ' , -o 



EXAMPLE B: 



WORK DONE BY A HYDRAULIC LIFT, 



Given 



Find: 



The input pisto'n of the lift in Example A is pushed downward 
distance of 1 ft by the applied force of iOO lb. ^(Assume no 
energy losses.) 

a. .The work done on the. Tiquid by the input pis-ton., 

b. The volume of fluid transferred. 

[ - c. Th£ upward displacement 'of the output piston. 

Solution: a. W ^Fd ^ r > ~ f 

•= (100 'lb)(l ft) 
' W f lOO^ft^lb^ ' 



-V- 
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Example b! Continued. 



r 



v = w 

p » • 

_ (100 ft-lb)(12 in/ft) 
127.4 lb/in* 

V = 9.4 in 3 *. 

This is tile volume of a cylinder 1 inch in diameter and 
' 1 foot in Tfejigth. 



d = 



W 



\ 

100 ft-lb 
, " 3600 lb 

" f 0.028 ft 

d :*l/3 in. 



/ 



As Example B illustrates, the multiplication of force in a fluid system 

4 

is accompanied by a corresponding division of displacement. 



TORQUE MD WORK 

In ^Tiany fluid power, systems, the output power is, in the forjn of rotational 
energy instead of linear mechanical motion. Input mechanical energy to fluid 

power systems is^almost always rotational 
energy to drive a pmnpTor^ compressor. 
Torque is the forcelike quantity of .* 
mechanical rotational systems and produces 
rotational motion as force produces 
linear motion. Figure 5 illustrates 
the definition of torque. It is- the 
. product of the force and the perpendic- 
ular distance through, which it acts 
(the lever arm). The rotational work 




Figure 5* Torque and Work, 
done by a shaft is given by Equation 3. 

W - T0 

where: - W = Work done. 
T = Torque. 

8 = Angle of rotation of th^shaft. 
Page 12/FL-01 
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POWER IN FLUW POWER SVSTEMS 



P:Wtl 



Power is the rate at which work is done. 'Power may be calculated in 
any system by dividing the energy transferred, by the time required for the 
transfer. Figure 6 shows three expres- 
sions for power at three different 
points in a fluid power system. The 
input power produced by the pump is .- 
its torque times its angular velocity 
(9/t). The fluid power transferred 
through the-conductor is the pressure 
times the volume flow rate (V/t), 
The mechanical power of the piston 
lifting the load is the weight (force) 
of thfe load times its upward^/ velocity 
(h/t)-.' The most important relation- 
ship in fluid power applications is 
shown in Equation- 4. v L * V * ~ 



P'» pQ 



Figure 6. Power in a System. 

Equation 4 \ 



( 



ERIC 



where: P = Power* < \ \ 
p = Pressure. 
* Q - Volume flow rate* 

Example C illustrates the usj^of this .equation. 

r \ 9 



Find: - 
Solution: 



EXAMPLE Ct CALCULATION OF PUMP POWER, 



Gi*en: The operation of a hydraulic power §ystem requires % gallons 
of fluid per minute at a pressure of 400 psig. 



(1 gal = 231 in 3 ) (1 hp 



550 

u sec 1 ' 



The necessary power of the pump motor. 
Determine volume flow rate in cubic inches per second, 
1 min N/231 in 3 , 



Q = 15.4 in 3 /sec , 



gal 



-) 
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Example C. Continued. 





Power: 1 P * 

V 


PQ ' 

(Ann ^ \/i c a in \ 
(400 w )0SA — ) 

(6160 2g^ (l J ft ) 
550 

.sec . 


0 




P - 


0.93 hp. 






A one-horsey 


^ower pump will operate this 


system if losses are low. 



BASIC PRINCIPLES* OF FLUID BEHAVIOR 

The characterises of a fluid power system are dependent upon the char- 
acteristics of the fluid used. This section 'discusses some of the properties 
of liquids and gases that are of interest in fluid power applications. 



PASCAL'S LAW 

Pascal's law applies to b&th liq uids and gases. It states that a pressure 
set up. in a fluid in .an enclosed container produces an equal force on all 

surface elements of equal size and that the 
| applied force * force is always perpendicular to the surface. 

As illustrated in Figure 7, this means that 
' the pressure is the same at all points within 
an enclosed static fluid. Pascal's law 
is thq basis of fluid power transfer. It 
is essential for the operation of the hydrau- 

r m * • lie lifj in -Example A. 

> * 

Figure 7. Pascal's JLaw. - - ■ 

THE COHTlHiim EQUATION 

The, .continuity equatipn, which only applies to liquids, is illustrated 
jn*Figure 8. . The continunity equation states that when a liquid flows through 
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a conductor with no branches, the 
volume flowing past any two points in 
a given period of time is the same. 
Jhe shaded portions of the figure 
represent t^he volumes of fluid flow- 
ing in the larger and smaller sections 
of the pipe during a time interval. 
The Volume flow rate is the product 
of the fluid velocity (v) and the 
cross-sectional area of the pipe. For 
a given volume flow rate, large diameter pipes provide lq^er fluid velocities 
and less frictional losses. / ■ V 




Figure 8\ Continuity Equation. 



BERNOULLI f S THEOREM 



Bernoulli's theorem is an application^/ the conservation of energy to 
fluid systems. It states that the total energy per unit mass of a- fluid in 
iTclosed .conductor is the same at all points. This energy is the sum of three 
components: the potential energy of the fluid due to its pressure, the kinetic" 
energy of the fluid because of its motion (velocity), and the potential energy • 
due to gravity. If the case of a horizontal pipe is considered, the gravi- f 
tational factor may be dropped (and is usually not- a factor in flu-id power 
systems).. 

Figure 9 illustrates Bernoulli's theorem as it applies to fluid power 
systems. The velocity of the fluid ( . 

varies as the conductor size "varies with \ 
higher velocity in 'the smaller sections. 



v 2«- 



|P2 



v 3»" 




The increased velocity means greater 
kinetic energy per unit mass and, thus, 
reduced potential energy. Since the 
potential energy per unit mass is 
directly related to the fissure, the 
pressure is # als'o reduced. Thus,, the 
pressure in a conductor carrying a 
moving liquid drops as the diameter decreases, and constrictions produce low. 
pressure areas.* This principle is applied in the lubricators of pneumatic 
systems to draw oil into a constricted air str.eam. 

. . FL-01/Page 15 
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Figure 9- Bernoulli's Theorem. 



TQRRKELL1 'S THEOREM 



Figure Iff* illustrates Jorrlcelli 's theorem - which states that the velcrcfty 
of the fluid leaving a hole in the bottom of a large tank is equal to the. 

square^root of twice the product of the height^ 
of the' tank and the 'gravitational constant. 

Trr-^^ < The importance of this theorem to fluid power 
"• — 1 technology is that this condition is a good 

approximation of a small leak in a pressurized 
fluid system,, andjt .all6ws calculation of ' 
the approximate velocity of escaping* fluid 




Figure 10. Torricell i 's 
Theorem. 



should a leak occur. This is included pri-. 



marily^to emphasize the hazards of leaks. 
* IKthe system pressure is only 100 psig, 
the'velocity of an escaping fluid jet ^-i s 120 'ft/sec. 



CONSTANT 
TEMPERATURE 



GAS LAWS ' . v 

* • 
j*» • 

The g&s, laws are a series of laws concerning the behavior of a jgas as ¥ 
its volume,,, pressure, and temperature change.. -The relationships are illu- 
strated in Figures 11,' 12, and 13. 

The most important gas 4 law in pneumatic 
systems 1s Boyle's, law (Figure 11). This 
' law statgs that, at, a constant temperature, - 
the product of the pressure and volume of 
a gas is a constant — if one is> increased, 
v , . the other is decreased proportionally. . Thus, 
if a compressor reduces the volume to one- 
tenth the volume of the same mass of free 
— air, ft multiplies the original pressure 

by 10» '(All gas laws are based on absolute 
" —temperature and pressure scales.)' 

Charles'- law (Figure 12) states that/ 
at. a constant pressure, the ratio of gas volume tongas temperature is a con- 
stan.t. Thus,- the volume occupied by a gas at a given pressure decreases as 
the temperature decreases. T r his means that reducing the compressed air tei^era- 



Ul 

•J 
O 
> 




PffeSSURE 



Figure 11. Boyle's Law. 
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ture allows more air and, thusY^re useful energy to be stored in a smaller 
volume. 

Figure 13 shows the pressure- temperature relationship of a gas at> a con- 
stant volume. This lav^, called Gay-Luss^c's law,, states that the-pr^ssure - 
of an enclosed gas rises in ^portion to its increase in tempera tu^y*N^s 
law is of greater importance in combustion' engines and boilers than in fluid 
power applications and is included primarily for completeness. 



CONSTANT 
PRESSURE 




9 



TEMPERATURE 




TEMPERATURE 



Figure 12. Charles' Law. 



Figure 13. Gay-Lussac.'s Law.' 



These three -relationships arj combined in the general gas law given by 
' Equation "E?. > ^ % 

Equation 5 



'T .■ 



where: P - .Absolute pressure. t « » 

' V = Volume. ' . . 

• T = Absolute temperature. ^ ^ 

C = A constant. * *• 
Equation 5 shows the relationship? of pressure, volume, and temperature 
and it illustrates that changing any one of these quantities produces a change* 
in' one tir both of the other two, 'An^of^the three individual gas laws may 
be derived from the general law by eliminating'the quantity that is assumed , 
to 'Ja^xonstanJu- .. r - r -'- — - , . • 

* * * - • 

BASIC fWTD Circuits ahv' symbols ■ . 

The American National Standards Institute, Inc., ha v s approved a standard 
set of fluid power .symbols for diagramming fluid power systems.' This section 
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of the module introduces some of the* basic symbols and illustrates tlje^basic 
fluid circuits to be constructecf in -the Laboratory portion of this module. 



HWRM1LTC CIRCUIT 



ratfl i 



S Figure 14 is a simple hydrainic circuit for operating one single-acting 
cylinder (hydraul'ic power applied jin one direction only). This is the most 

Each of the symbols is identified in the figure. 



basic hydraulic circuit. 



Single -acting cylinder 



DIRECTION QF 
FLOW OF LIQUID 

*PUMP- 




f\AA/vl 



DIRECTIONAL CONTROL VALVE 



; SPRING -LOAD ED 

f~\ l-*-HY*RAULIC 

1 POWER SOURCE 

^ ; 

PRESSURE 
RELIEF VALVE 




FILTER-r*«>' TANK 

! ilr^lRESERVOIR) 



'Figure 14. Hydraulic' Circuit for 
Operating One Single-Acting Cylinder. 



This type of directional control 
valve is called a "three-way 
valve because it has three 

connections. It' is al so 
termed a "two-position yalve" 
f because it has two possible 
operating positions/ The fluid 
paths for each pQsition are s 
shown in the valve symbol. 
In the closed position, the 
power line (P) is blocked and 
the cylinder is connected to 
the tank line (T). Thys, the 
return spring of the cylinder 
forces the fluid into the reser- 
voir. When the -valve is operated, 
the tank line is blocked and 
the power Jjne is ( connected 



to the cylinder. >Many other types pf directional control valves are common, 
The.se valves will be discussed in greater deterfT in Moduli FL-06, "Fluid Dis- 
tribution and Control Devices."*/ ' * - ** 



PNEUMATIC CIRCUIT 



. Figure 15 is a simple pneumatic circuit for' operating one s ir>gl e-acting 
cylinder.- Basic symbols are also identified in this figure. The needle valves 
are used to control the flow rate of compress^ air to and f ronr the cylinder. 
Adjusting these valves charfges the extension and retractioh times of the 
cylinder. With the directional control Valvj* CDCV) in the closed position, 
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the cylinder is 
connected to atmo- 
spheric 'pressure 
and is retracted 
by the return^ 
spring. The power 
line is Blocked 
inside the valve. 
In the open posi- 
tion, the power 
line is connected 
to the_cyl/inder 
through the valve. 



DIRECTION OF FLOW OF AIR 




FILTER -REGULATOR-LUBRICATOR UNIT 
* 0 



-COMPRESSOR! 
-FILTER 



RECTIONAL CONTROL VALVE 




NEEDLE VALVES 



* 



PNEUMATIC POWER SOURCE 



Figure 15. Pneumatic* Circuit for Operating 
One Single-Acting Cylinder.. 



SUMMARY 

• 

Fluid power systems are energy transfer systems in whith mechanical energy 
is converted to potential energy of pressurized fluids, is moved to a remote 
point as fluidal potential energy, and is converted back into mechanical energy 
for application. Fluid power systems have several advantages over other pojver 
delivery systems and are widely used in ' transportation and industry. Hydraulic , 
systems use a liquid contained in a closed fluid system. Pneumatic - power 
systems use air as a working medium and need not recirculate the fluid. The 
most important physical principle in fluid power technology is that the force 
produced on a surface is equal to the product of the area of the .surface and 
' the pres'sure applied by the fluid. ^ \ ( 



' > 
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EXERCISES . ._ ' • 

1. List nine advantages and four*disadvantages of fluid power. 

2. Dr'aw and label diagrams showing the -basic components of a. hydraulic power 
i*ystem an<fa pneumatic power system. Explain the purpose of each component 

3. ^hydraulic cylinder 4 inches in diameter is operated at a pressure of 

350 psig. In six seconds, the piston moves a distance of 8 inches. 
Determine the *fol lowing:' 
a. Force on tjje^piston 
, b. Work done by t'he piston 

c. , Volume displacement- of the cylinder (by two methods,) 
- d. .^Volume flow ra£e,Mn gal/min 
e. ' Rower \ * , 

4. A simple hydraulic 1-ift has an input pistm^nth^a diameter of 1.5 inches 
and an output piston with a diameter* of 8 inches. Th.e force on the output 
piston is 3000 lb. Determine the following: 

a. Force on the input pi ston 

% b. Distance each piston moves, when 500. ft -lb of work is done 

5. * The fluid power rate of fluid power system is 25 ,gal/min, and the pres-, 

• sure is 500 psig. Find the- power. \ 

6. A two-jiorsepower- pump delivers hydraulic fluid at s a pressure of 250 psig. 

• It powers a cylinder 3.5 inches in diameter. Determine the following: " 

a. Volume flow rate, in gal/min * , 

b. Velocity of the piston rod as it extends,. in in/sec » 

7. Discuss each of -the following principles of fluid behavior and its appli- 
cation to fluid power systems: * 

a. Pascal 's \aw - 

b. Bernoulli's theorem 

c. Boyle's law , 

d. Torricetli's theorem '* ' ' . 

• * 

e. Charles' law ♦ . w * 

*« * 

f. The continuity equation „ • ' 
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' LApdftATORY MATERIALS 



All laboratories in this course will use common 'hydraulic and pneumatic 
component^equipped with quick disconnec t fitt ings, Jhe^e will be~r]jounted on a 
nonzontal surface* and securiS^^tr-bo^irs'or clamps. "All corirfections.wil 1 be 
made with flexible hydraulic and pneumatic hoses equipped with quick djscofi- 
nects. The hydraulic power unit consists of a pumps reservoir, filter, adjust- 
able pressure relief Valve, and pressure gauge. The pneumatic power unit con- 
sists of a compressor, intake filter, and a filter-regulator-lubricator unit 
with a-pressure gauge. 
Hydraulic power unit* v , 

Hydraulic "pressure relief valvfe - - 

Hydraulic directional control valve '(two-position , three-way, manual ly- 

> actuated, spring offset) - 
Single-acting hydraulic cylinder with spring return 
Hydraulic fluid flowmeter s p ^ 

Pneumatic air flowmeter; * 
* Connecting s hydraul ic hoses • * 



Pneumatic^ power unit 4 

Pneumatic directional control valve - 

SinglVacting pneumatic cylinder with spring '"return * a1 

Connecting pneumatic hoses 

Stop v/atch or timer ' 

English, scale (l ft) % . , > 

Se^in^devices for cylinders (This may consist of two disk brake pucks with 
' adjusting screws to vary the pressure exerted on a metal bar that slides 

between the pucks. -The metal frame containing the pucks must be bolted 

securely to the work surface.) 



LAEfOQATQpY PROCEDURES 



f4< 



LABORATORY 7. HYDRAULIC B%RIMEWT. 

. . - .'74 > 

Mount the directional control valve (■DCV)", fissure relief valve, cylinder,., 
a-hcfflowme'ter on the work surface for convenient connection .and" operation. - , 
The' fluic^circuit to be constructed M that shown in Figure 16. ' 'Tfie* hydra u- 
'Jic power unit is the portion of this figure enclosed in the box. TJ»e flow- 
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— i^vm 

LOADING DEVICE 



-4. 



HYDRAULIC 
"POWER UNIT 



Figure 16. Hydraulic 
Experimental Setup. 



! foeter is to be -connected in series 
irT;the power line to the DCV. The 
pressure relief valve of the"* hydrau- 
lic power, unit is preset ^nd will 
not be adjusted. A second, pressure 
relief valve installed by the stu- 
dent on the work surface is used for 
pressure adjustment by the student., ' 

" Use appropriate hoses to connect the 
circuit shown in Figure 16 with the 

* f 

flowmeter in the power line. „ . 
Connect the driving rod of the' 
^ cylinder to the loading device. 
Be sure both the cylinder andthe^ 



4. 
5. 



6. 



loading device are~securel^ attached to the work surface. 
Have the instructor check the circuit. 

Turn on the hydraulic power unit. Set the pressure relief valve to give 
the desired pressure (specified by the instructor) as indicated by the 
'pressure gauge of the power unit. , - 



Activate the DCV to operate the cylinder. When the cylinder reaches the 
end of its travel, release the DCV actuator. This will check circuit 
operation and" purge the lines and components of trapped air. Reduce the 
tension on the cylinder? loading device to allow the piston to return if 
necessary. * 
Operate the circuit several times. Adjust -the ten si on* of the loading de- 
vice to give a. pressure near the preset pressures during cylinder operation 
Measure and record the following quantities: i 

a. Operating pressure 

b. Fluid flow rate s 

c. Time for cylinder to extend . < 
Set the pressure relief, valve tfi the second specified pressure. 
Repeat the above procedures and measurements at, this pressure with the 
loading device adjusted to give an operating pressure near the preset 
pressure* * ' 
Measure th$ distance traveled by^ the piston during extension. Record in 
Data. Table 1* * ' 
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8. 
9. 
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11. . ' For each set of data, determine the volume of the cylinder by multiplying 

the volume flow ratQ time£- the time of extension (1 gal = 23V /in 3 *). 
Divide the cylinder volume by the stroke to determine the cross-sectional 
area of the cylinder. Determine the inner diameter of the cylinder, 
Cfsing the equajictn for the area of a circle. 

12. Describe the effect of changing the pressure on the extension time of 
the cylinder. . • ' * 

13. Disassemble the setup. .Clean and store components according to instruc- 
tions . 

LABORATORY 2. PNEUMATIC EXPERIMENT. 

1. Mount the DCV, cylinder, flowmeter, and two needle valves o^fthe work 
surface for convenient connection and' operation. The fluid circuit to 
be "constructed is* shown in Figure 15, The pneumatic power unit i*s the * 
portion of this figure enclosed in the, box. The flowmeter is connected 
in' series in the power line, as it was in the hydraulic experiment. 

2. Use the appropriate hoses to connect the circuit shown in Figure 15. 

3. * Install the cylinder loading device, as it was in the hydraul ic^xperi- 

ment. 

4. Have the instructor check;the circuit. 

5. Turn on the pneumatic power^unit. Set the pressure regulator to the 
first specified pressure, Record-^this pressure : in Data Table 2 % ^ 

6. Actuate the DCJpttf assure proper circuit operation. Adjust the cylinder 
- loading device so the spring will just retract the piston. 

7. Operate the, circuit several times. Change the settings, of the needle 
valves and observe the effect on the extension and retraction times of 
the cylinder. Measure and record the air flow rate .and the e^t^psion >■ 
and retraction times at the final valve settings. 

8. - Set the pressure regulator to the second specified pressure. Do not 

change the settings of the needle valves or the cylinder loading device. 

9. ^Operate the circuit; Measure and record the extension and .retraction 

times and the air flow rate. - 

10, ^Describe the effect of changing the pressure on the extension and de- 

traction times of the cylinder. 

11. Disassemble, clean; and store all components. / 
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DATA TABLES 



VATA TABLE ?. . HVVUULK EXPERIMENT. 





First 
Pressure 


Second 
Pressure 


Pressure (psig) ' 

FluicUftow rate (gal/min) 

Extension time {sec) 

Cylinder stroke (in) 1 4 

Calculated, cyl inder volume-(in 2 ) .* 

Calculated cylinder diameter (in), & 


■ * 




Effect of pressure on extension time: ' . 



VATA TABLE 2. PNEUMATIC EXPERIMENT . 



* 


First 
. Pressure 


Second 
Pressure 


Pressure (psig) 






Air flow rate (cfm) * ' 






Extension time (sec) 






Retraction time (sec) 






Effect of pressure on extensio^an^ retraction time: 










t K t 
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GLOSSARY 



Directional control valve (DCV) : A valve that controls the direction of flQw, 
of fluid toward or away from the driven component. 

Fluid power : The teghnology that deals with the transmission and control 
of energy by means of pressurized fluids. 

Functional controls :-. Controls that effect the speed of operation of a fluid 
power device or the sequence of operations in a system. 

Hydraulic system : 'Fluid power .systems that 'use a liquid as a working medium. 

* * — A 

Hydrodynamics ; The study of 1-iquids in motion. 

Hydrostatics : - The 'study of pressurized liquids in equilibrium. 

Pneumatic system : Fluid power systems that use compressed air as a working 
medium. 

Pressure : The force, per unit^area exerted on a surface by a fluid. 
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TEST 



1.. ' Advantages of fluid power systems do not include ... 
a. fast response due to high power-to-weight ratio. 
- b. ease of control* from remote locations. 

c ^ ruggedness and low maintenance requirements. 

d. force multiplication with low loss. 

e. ease of installation as compared to mechanical power transmission 
— s yste m s . " 

2. In a hydraulic power system, increasing the pressure at a fixed delivery 
rate will ... 

a. increase the operating speed. 

b. -increase the maximum^force produced. 

c. increase the system power. 

d. Both b and c are true. 

e. All of the above^ are true. ^ 

3. In a pneumatic power system, increasing the pressure at a fixed delivery 
rate wil 1 . . . > 4^ 

a. increase the opera-ting speed. 

b. increase the maximum force "produced. 

c. increase the system power. 
- d. Both b and c are true. 

e. All of the above are trCie. 

4. A piston 2 inches in diameter is operated at a pressure of 200 psig/ The 
force produced is . . . 

a. 628 lb. 

b. 400 ,1b. 

c. 2512 lb. 

' d. 1628 lb. -r * . 

e. None of the above is correct. 

5. A volume flew rate of 12 gal/min at a pressure of 200 psig produces how 
much,, power?. (1 gal = 23T in 3 ) 

a. 9240 ft'lb/sec • . 

b. 412 ft.'lb/sec ■* 

c. 46,200 ft- lb/sec — - — , 

d. 0.71 hp 

e. ' 1.4 hp 

31 
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6. A piston 2 inches in diameter moves 4 inches at an operating pressure 
of 200 psig. How much work is done? " . 

' a. r 1672 ft-lb , 
' b. >2512 ft-lb • 

c. ""836 ft-lb 1 

d. 209 ft-1b ^ 

e. 105 ft-lb 

?•. If a 'pipe carrying a moving fluid has a reduction in diameter... 
. a. the pressure increases. 
: b. the fluid velocity increases, t 

c, both [Pressure and flujd velocity increase- . 

< • k 

d. the gpwer. of the system "is reduced. 

^e. 'neither pressure nor velocity increases. 

8. ' If the volume of a gas at a constant temperature is reduced to one-fourth 

Of its original vo.lume, the pressure will be t.. 
. a. unchanged. - 

b. doubled. 

c. four times as great. 

d. halved. * " ~ 

4 

e\ eight times as ,great. 

9. The continuity equation ... 

a. may be applied to either gases. or liquids. 
, 'b. states that the pressure of a liquid drops as the diameter of the 
pipe carrying it decreases. 

c. implies lower fluid velocities in larger diameter sections of pipe. 

d. applies only to systems in which the power transfer fluid is re- 
circulated continuously. 

e. None of the "above are* true. 

10. Which of the following is an incorrect fluid power symbol? 

a. direction of flow in pneumatic line 

b. filter 

c. ■ t- ] r | - pressure rel ief valve ■ 

d - " !"(*). P3P_ ... . 

4 e. All of the abo,ve are correct. 
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• INTRODUCTION • 

'The most importan£ material in any fluid power system is the working fluid. 
In hydraulic power systems, the working fluid is an incompressible liquid - 
usually petroleum Oils. In pneumatic power systems, the only working fluid 
is compressed air. *, y 

This module discusses the characteristics and types of hydraulic fluids, 
as well as procedures for maintaining and replacing hydraulic oils.' Advantages 
and disadvantages of pneumatic fluids are also discussed.. • 

In the laboratory, the student will construct and operate hydraulic and. F 
pneumatic circuits that ""power double-acting cylinders and conjpafe»«yi1nder v 
' operation of the two systems. 

PRE REQUISITES 

— : T~ 

The student- should have completed Module FL-01 , "Introduction and Funda- 
mentals of Fluid Power." 

OBJECTIVES 



Upon completion of this module, the student should be able to: 
1. ' Define the following terms as tliey apply to hydraulic fluids: 



a. 


Viscosity 


b. 


Viscosity index 


c. 


Pour point 


d. 


Lubricating ability 


e. 


strength 


f. 


Demulsibility 


g« 


Flash point 


h. 


Fire point 


i , 


Specific gravity * 



ExpTa-in the- difference betweefucust. and corrosion and the cause of each 

in a hydraulic system. 
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3- List four undesirable consequences of using an oil' with a viscosity that 
is' too high, and list three undesirable consequences of using an oil with 
a viscosity that is too low; - 

4.. Explain /the problems that arise wjien a hydraul ic c oiKoxicfizes and the- 
•factors that cause rapid oil oxidation.* . . 

5. List 10 characteristics of a good 6 hydraul ic oil/ - t 

6. Describe the desirable and undesirable* characteristics of the following 
'types of hydraulic fluids: ^ ' . - ' 

a. Water-oil emulsions 

b. Water-glycol solutions - — 
/ c. • -Syr>thet 0 ic fluids 

7. List 10 precaution in *the_maintenance , handling, and storage of hydraulic 
oils. * 

§. o Explain' the steps necessary' in replacing hydraulic oil in, a system. 

9. List five adyaritages and disadvantages ,of compressed air as a fluid power 

working medium, as compared to hydraulic oil. * * 
10. Construct fluid power circuits for the" operation of hydralll ic c and pneumatic 

double-acting cylinders. Compare the characteristics of the extension 

and retraction strokes for Bach cylinder and compare the operation of 

the two cylinders. . 



1 
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SUBJECT MAtTER 



J ~ PROPERTIES OF HWKAULJC HUWS 

. A variety of fluids - with different contentions of properties — is" 

*« • * • . - 

available for use in hydraulic power systems.-. A good hydraulic fluid must 

transmit fluid power wiith minimum losses, act as a lubricant for system com- 
ponents, and act as a' sealant .in the system, as well as prevent rust, corrosion, 
and^e-ter4arat4on-of components.. Selection' of the proper fluid for the applica- 
tion % and components involved has a considerable effect on system performance,' 
maintenance, cost, and service life. . The following paragraphs discuss proper- 
ties that should be considered when selecting the proper fluid for a hydraulic 
power system. - * 

VISCOSITY * ' " 

Viscosity is a measure of the fluid's internal resistance to flow or shear 
forces at a specific temperature and' pressure. .Figure 1 shows two parallel 
plates separated by a film of fluid. The bottom pi ate is stationary, and the 
top plate is being moved by the shear p , atp 

FORCE ' MOVING TQP PLATE vfi nriTY 

application of a shear force.; 

The liquid in contact with . fluid # \ - 
each plate remains virtually . velocity 



at rest witja respect to the 
plate. Therefore, the lowest: 



LIQUID BETWEEN PLATES 




layer of fluid in 1 the figure EZZZZZZZZZZZZZZZ2 ZZZZZZ2ZZZZZZZZ3 



is stationary (zero velo- fixed bottom plate 

city)- The upper layer has Figure -1 . - Fluid Velocity Profile Between 

, mj _ £ * Parall'eV Plates due to Viscosity.' 

the -velocity of the moving 

plate and, thus, moves with it. Layers «of fluid between the two plates slide 
past one another with the velocity profile shown. 

"The absolute or .dynamic viscosity of the fluid is the ratio of the applied 
shear force to the velocity of the fluid. If the fluid has * # low viscosity, 
resistance to motion is low ar}d the upper plate moves "easily . If the fluid 
has a high viscosity, resistance is high andjjreater force is required to move 
the upper plate. ^ ' m m» 
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Viscosity also affects the flow rate of a fluid through & pipe -with a 

given pressure drop. Low viscosity fluids f,low easily at higher, rates with 

little power loss. High "viscosity fluids flow more slowly and produce more 

power losses. Thus, lower viscosity fluids are desirable for increasing the 

efficiency with which fluid power is transmitted through conducting pipes. 

However, this does not mean that lower viscosity c flxnds are always the best 

choice — lower viscosity generally .is accompanied by reduced lubricating and 

sealing ability: * y 

■4 

Figure 2 shows a Saybolt Universal Viscosimeter used for testing the vis£ 
cosity of petroleum product^. This instrument does not measure dynamic vis- 
cosity but .gives an indication of relative viscosities on an arbitrary scale. 
Si^ty mill i'l iters: of the fluid to be tested are placed in the inner cylinder. 

< - Another fluid surrounding this cylinder 

is used* to maintain the proper test tern- 
The cork is removed, and- the 



v TEST LIQUID- 



FLUID FOR 
TEMPERATURE 
CONTROL 




• perature. 

time required for the test fluid to run 
out through a calibrated outlet tube, is. 
measured. This time (in seconds), called 
the Saybolt Universal Seconds .(SUS)* \s 
often* specified for hydrauTic oil s. Most • 
hydraul ic -oil? .have viscosities in the- /' 
range of 135*to 315 SUS atJ00°F; however, 
oils with higher or lower viscosities' 
are sometimes used. 

The Society of Autombtive Engineers 
(SAE) has established standardized numbers 
for indicating the viscosities of automotive nils. Table 1 compares SAE numbers 
to the \/iscosity in SUS at two temperatures. The designation "W H indicates 
an oil having a viscosity that changes more slowly as temperature increases/ 
Typical hydraulic oils have viscosities Jn v the same range as higher grade motor 
oils/ /. ' X; v ' ■ 



CUTLET' .TUBE 
\CORK 



Figure 2. 'Saybolt 
Universal Viscosimeter. 
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TABLE 1. COMPARISON OF SAE AND SUS OIL RATINGS, 




^3. 
4. 



If the viscosity of the fluid is too high for\he system in which it is 4 
used,, the following undesirable conditions may result: 

1. High resistance to flyid flow may cause sluggish operation of various 
components or pump cavitation. - 

2. - Efficiency may drop due to- increased power consumption to overcome fric* 

tion losses. . * „ ' , 

Fluid temperature may- increase because of high friction. 
Pressure dr;op along conductors may be higher than desired, resulting in_ 
a decrease in pressure available. for useful work. 
If the viscosity of the fluid is top low, the following undesirable con- 
ditions may result: ^ 

1. Excessive' leakage may-occur in clearance spaces in valves and driverf com- 
ponents, f ^ 
1 : *Pump leakage may occur, resul ting*°in reduced pump delivery, pressure, 

and efficiency. 

3. An increase in wear may occur because Qf reduced strength and thickness 

- of the lubricating film betwe§n moving parts. . ^ " ■ . 

■* • • • ' j§ ^. r * 

Since the pump is the*most*critical, hydraulic component^with^respect to 
viscosity, *the viscosity recommendations of the pump manufacturer are used 
for fluid selection. .Other components of the system are chosen that are^om- 
patible with the pump. * : 



yisco&TV WEX t 
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Ideally*? the visc£s~ity of a Mydraulic fluid should either remain constant 
or change very little as the fluid temperature changes. However, this is not 
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the tase for most hydraulic fluids. The viscosity index is an indication of 
the relative change in viscosity as temperature changes. Viscosity index is 
measured on an arbitrary scale: a specific paraffin-base oil with % a small 
viscosity change is assigned a valueof 100, and a specific asphal t-base**oil • 
with a large viscosity change is assigned a zero value: Thus, higher values 
of ViscQsity .index indicate less change in viscosity as temperature changes. 
It also indicates .a more desirable hydraulic fluid/ Since the viscosity index 
is based oh an arbitrary scale, some ails have a value of less than zero. These 
oil's are generally unsuitable for hydraul ic' power applications. .Chemical addi- 
tives are included in sonje oils to raise the viscosity index to as^high as J 70. 

As the temperature is decreased, the o4 1 thickens until it will no longer 
flow. The pour poiht is the lowest temperature at which the fluid will flow, 
usually 5°F above the temperature at which rio flow occurs"; The lowest operating 
temperature of a hydraulic system should be 20°F above the p&ur point ofe the *\ 
oil . . 

LUBRICATING ABILITY ■ • ' .. . * . > 

Wear is the actual removal of surface ^material due to frictional forces 

between moving surfaces in contact. The amount of wear depends'upon the finish 

and hardness of. the surfaces and the magnitude of the. forces h61 ding the sur- 

■ ^ 

faces in 'contact. Metal sulfates that are'stationary witb-respect to one another 
ancT subjected* to large forces form microwelds that bond the two surfaces together. 
Moving these surfaces later breafcs^ihese tiny welds and roughens the surfaces, 
thereby increasing the wear rate. v & 

The lubricating ability of arroil , also called Jubricity_ or oilness, is 
the ability of an* oil to reduce friction and wear. Lubricating ability is 
dependeryt in part upon £he viscosity of the oil ^ but chemical .properties- are — 
equally, if not more, important. The film strength of an oil - which is directly 
related to^its viscosity — is the ability of the oil to maintain an oil film 
between moving parts in order to prevent direct metal -totmetal contact. Higher 
v fi*lm strength reduces wear, but it is generally accompanied by higher viscosity. 
Adequate film* strength is important in.. hydraulic 'systems in protecting pump 
component^ ' . ' ^ * * 

Chemical additives are often used to increase the lubricating ability 
ef oils. These additives are usually organic compounds that prevent the micro- . 

7 • 
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welding of surfaces under pressure. They may plate out on the surfaces, form- 
ing a surface layer that adheres, strongly-^to the surface.* Two such surface 
layers wjll slide past each other more easily - and, therefore, with less 
damage - than unprotected metal. Other compounds chemically react with metal 
surfaces to prevent the formation of micrcwelds under high pressure. This 
prevents seizure and the increased roughness resulting from breaking the seizure. 

Lubricating ability and film strength are not determinable by oil specifi- 
cations. They are usually- indicated by relative terms .such as "poor," "good," 
or "excellent." r *7 . 

RUST AW CORROSION PREVEHT10U . 

* Rust and g^orrosion are two different chemical processes that can damage 
or destroy hydraulic components. Rust ' is the chemical reaction between oxygen 
and. iron or steel surfaces. The oxygen necessary for the process is usually 
provided by the presence Of moisture in the system. Moisture may enter the 
hydraulic fluid in the form of atmospheric moisture in contact with the oil 
surface in the. reservoir or, through leaks in the system that a^low either air, 
condensation, or cooling water to enter ; the system. The moisture is partially 
dissolved in the hydraulic fluid and may also be carried with the fluid in 
the form of -small droplets. These conditions promote rust, particularly When 
^system is inactive for. a long period of time after operation at an elevated 

temperature. • ' 

" Corrosion is the chemical reaction-between metal surfaces and acids. ^ Many 
hydraulic fluids contain small 'amounts of acid.' Furthermore , the breakdpWn 
of the oil - as it ages during use - increases its'acid content. The neutral-^ 
ization number , which is an indication of the acid content of a hydraulic fluid, 
indicates the number of milligrams of potassium hydroxide needed to neutralize. 
-1&ee_acid in one granuof fluid*. The neutralization numberjisually is not an 
ifliportantTcbn si deration in selecting an oil-, -bjut it is useful in determining 
when an oil has deteriorated and'ftjiould be replaced. 

' Many ofls contain chemical additives that plate out on metal surfaces 
to form, a protective layer, _ thereby reducing both 'rust- and corrosion. 
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Although properly refined petroleum oils are inherently resistant to de- 
terioration, ox'idation of the, oil can - and does - take place. Excessive oxi- 
dation results in the # fol lowing: * * 

• Increase in oil' viscosity 

• Deposits of gummy oxidation products on pumps, motors, and valves 

• Formation of heavy sludge that settles in low points in the System 

• Formation of acids that corrode, metal parts 

Oil oxidation occurs primarily because of air in contact with the oil 
in the reservoir. This -air is absorbed into the-oil to a slight degree. Air 
bubbles that enter the system — either from foam in the reservoir or from air 
leaks in the 'suction line or seals - are compressed by the high pressure at 
other points in the system. This high pressure air promotes oil oxidation. 
The oxidation process increases at increased temperature. It is estimated 
that the useful life of a typical hydraulic oil is decreased by 50% for each 
15-degree rise in temperature above 140°F. Heavier oils generally resist oxida- 
tion.better thart lighter oils. The temperature of the oil in the reservoir 
is not necessarily a good indication of operating temperatures. Localized 
hot spots occur because of higher pressures and slight compression of the oil 




at'the gear teeth, at bearings, and at points where the oil flows through & 
small orifice under ^high pressure. Increased temperatures at these points ,t| 
paVticularly in the presence of entrained air, may cause rapid decomposition 3 
of. hydraulic oils. * 

The rate of oxidation is increased by the presence of foreign matter in**, 
the oil. Dirt, small particles of metal from worn components, and sludge from- r J 
earlier oxidation tend to promote increased oxidation. Thus, maintenance of ' j| 
oil in a clean condition is essential, to extended oil life. As an oil ages, 
cit becomes darker in color and higher in both viscosity and neutralization ^ , 
number. These characteristics may be used to determine when the fluid shiuTci 
be replaced. t Many oils-contain chemical additives to inhibiTx)xidation. 

vmuLsimLm 

Demul sibil ity , the property of a^hydraulic fluid "that enables Mt to separate 
' rapidly and completely from moisture, is important because most hydraulic sys- 

9 
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terns are susceptible to the presence of moisture in the system and because 
V the damaging properties of such moisture. Most petroleum-base oils have 
. good demul sibil ity and maintain it well during the useful life of the oil.' 
Howev#r, in softie oils, demul sibil ity decreases as the oil ages an'd as oxida- 
tion occurs. This generally results in greater water content, reduced lubri- 
cant and sealant characteristics, and reduced life of the oil and system com- 
ponents. 



RESISTANCE TO FOAMING 




As discussed previously, the presence of air bubbles in an- oil. increases 
the oil oxidation rate. Foam may be formed when oil Js returned to the reser- 
voir by a pipe that does not extend below the reservoir oil leveT or when the 
pressure is reduced on high pressure fluid containing dissolved air. The de- 
foaming characteristic of oil is an indication of how rapidly such bubbles rise 
to the oil surface and burst- Low viscosity oils are more resistant tj foaming 
than high viscosity oils. Chemicals are often added to oils to increase the 
\^ate at which air bubbles burst, thereby reducing foam levels. 

Foaming problems can also be greatly reduced by proper design of the oil 
reservoir and maintenance of the proper oil level. Serious damage may result 
~ if a leak reduces the oil level in the reservoir, to the*point that air is sucked 
into the pump intake. ^ 

FLASH ANP FIRE POINTS ' » 

Fire hazards are an important consideration iji many hydraulic power appli- 
cations. Flash point is the temperature at which oil gives off sufficient 
vapors to ignite momentarily, but not enough to sustain a flame'. The fire . 
point is the temperature ~crt which vaporware given off at a rate sufficient 
•to sustain continuous combustion. - I . 

SPECIFIC 1 GRACITy 

The specific weight is the'weight per unit volume of , the fluid. Water, 
for example, weighs 62,4 pounds per cubic foot. The specific gravity of a 
fluid is the ratio of the specific weight of the fluid to/the specific weight 
of water. If the specific gravity of a liquid is 1.2, then its specific weight 
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t? (1.2 x 6-2:rib/ftr^ ^ available ffydrauTfc" fTuuf?"*" 

have specific gravities in the range of 0.80 to 1.45. The specific gravity 
is usually of little importance in selecting a fluid. 

TYPES OF HVVRAULK FLUWS 

Several fluids can be used in hydraulfc power systems.. This .section dis- 
cusses characteristics and applications of common hydraulic fluids. 

• WATER 

i 

Abater is sometimes usetf as a working fluid in systems^petfuTring a large 
volume .of fljnd, such as elevators and large forging presses. Water is inex- 
pensive and nonflammable; however, the range of operating temperatures, poor 
lubricating properties, and promotion of rust limit its use in many hydraulic, 
pov/er systems. 

PETROLEUM OILS 

A properly refined and treated petroleum <yT is the best fluid for most 
hydraulic power applications. A wide variety of petroleum oils is available. 
—However, ^hree- type-s^f-petroTeum oils are most commonly used: Pennyslvarfia,, 
or paraffin-base, oil s; Gulf Coast, or naphthenic-base or asphalt-base oils; 
and Mid-Continent,. or mixed-base oils containing a mixture of naphthenic and paraf 
fin compounds. The operating properties of these oils aVe improved by the 
addition of several chemical ^compounds. These compounds increase the viscosity 
index, inhibit oil' oxidation, reduce foaming, increase film strength* and lubri- 
cating abil ity, -reduce rust and corrosion, and prevent the formation of sludge 
and gum in the system. Additives are included in the processing of oils and 
should not be added by the user, • t »" 

A good hydraulic oil should include the following properties: 
s * Correct viscosity to provide- fluid power transfer without excessive 

friction losses and to seal working parts *• 

• High viscosity index -to reduce changes in viscosity as temperature 
changes- 

*• Good lubricating ability to prevent wear to working parts 

• Prevention- of rust and corrosion-of metal parts 
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• Chemical stability to resist oil oxidation 
•'Resistance to foaming 

• Good demul sibil ity to remove^ water from the oil 

• Resistance to precipitating sludge and gum on working parts 

to * 

• Compatibility with seal materials. • 

• Long service life 

Petroleum oils are available with all of the properties listed above. 
The only serious disadvantage of petroleum oils is that they Wll bum*and, 
thus, present fire hazards in some appl ications . Several 'types of fluids have 
been' developed for. applications in which the fire hazards of petroleum oils 
are unacceptable. ^ • f 

The fire resistance of the working- fluid is particularly important in pro- 
cessing equipment for hot metals, coal mining applications, and aircraft and 4 
marine fluid power systems. 



i - 1. 



WATER-OIL EMULSIONS ' 

Water-oil emulsions are fluids consisting of about 40% water completely 
dispersed in 60% special petroleum oil with a soluble-oil type emulsifying 
"agent "added. - They afford -good-fire^protectioir because.- the steam- released wherv 
the fluid strikes a hot surface blankets the surface and prevents oxygen from 
reaching the oil vapors. The water in" the fl uid. gives 'good heat transfer prop- 
erties but also promotes rust and corrosion. Thus, large quantities of cor- 
rosion' inhibitors are required. The'lubricating properties are fair but not 
as good as that of pure oil. The operating temperatures of water-oil emulsions 
range front ,-20°F to 175°F. They are compatible with most' seal materials except 
natural rubber. Fluid maintenance is important because the water evaporates - 
during use and must be replenished. • 



"WkTEZ-GLVCOL FLUWS 

• water-glyctfl fluids consist of a solution of 40% water and 60% glycol 
with" a variety of addttives. Their fire resistance 'is excellent 'if the water 
content is maintained. The viscosity index is high, but the viscosity increases 
if the water content is reduced by evaporation. Corrosion resistance is fair, 
except when used with radial piston pumps where rusting, is usually a problem 
and. with exposureSo zinc or cadmium metal." Wear resistance is good at lower 
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pressures; at high pressures, gear-type and piston-type pumps often, show ex- 
cessive wear. The high, density of these* fluids can also result in pump starva- 
tion. The operating temperature range of these fluids is approximately -10°F 
to 180 d F. Water-glycol fluids are compatible'with most seal materials, but 
special paints must'be used wherever they may come in contact with these fluids, 



SYNTHETIC FLUWS 

Synthetic fluids give the highest fire resistance temperatures. Several 
types are available, including phosphate esters, chlorinated hydrocarbons, 
mixtures of the two, and several other chemical compounds. Synthetic fluids 
are stable in operation up to about 300°F. These fluids have good lubricating 
properties but do not offer protection against rust and corrosion and require 
large' k quantities of additivies. Disadvantages of synthetic fluids include 
a low viscosity index and incompatibility with many seals and other materials. 
In particular, the phosphate esters readily dissolve paints, pipe thread com- 
pounds, most seal materials, and' most electrical insulation. Samples of seal 
materials should be tested for compatibility before ^synthetic fluids are used 
in a system. / 

Table 2 lists the recommended packing materials for use with fire-resistant 
hydraulic fluids. 

TABLE 2. RECOMMENDED PACKING MATERIALS FOR FIRE-RESISTANT FLUIDS. 



Fluid 


Packing Material 


Water-oil emulsions 


Nitrile rubber (NBR, Buna-N, Hycar) 
(packing should be selected by testing 
various rubber materials). 
Braid impregnated with Teflon, suspensoid. 


Water-glycol 


Natural rubber. - 

Leather ^treated for water: resistance). 


Phosphate ester 

\ 

V 

t 


Butyl rubber. 
Silicon rubber. 

Leather impregnated with Thiadol-. 
Byram. 

Braid wi th^foap-glycerine lubricant which 

will not wash. out. 
Braid lubricated by -impregnation with 

Teflon suspensoid. 


< 
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Table 2. Continued. • 



Silicate esters , 


Nitrile rubber. 

Chloroprene rubber. 

Polyacrylate rubber. 

Leather impregnated with Thiokol. 

Braid impregnated with Teflon suspensoid. 


Silicon base* , 

• 


Nitrile rubber. 
Byr^m. 

1F4 Rubber (formerly Poly FBA). 

.Braid impregnated with Teflon suspensoid. 



MAINTENANCE OF HWRAULIC OILS 

All hydraulic fluids require proper maintenance and handling both in the 
-system and during storage. Fire-resistant fluids usually have special require- 
ments that are dependent upon the fluid type. Because most hydraulic power 
systems use petroleum oils, this section lists general precautions in the main- 
tenance, handling, and storage of hydraulic oils: 

1. Store oil in a clean container. The container should be free of. dirt, 
lipt, used oil, or oil of any other type. 

2. Keep lids or covers tight on all oil containers to prevent dirt and dust 
from settling on the oil surface and to prevent contamination by water. 

3. Store oil in a dry location. Oil containers should never be exposed to 
rain, *snow, or other sources of water. „ 

4. Use clean containers for transferring oil from storage to the tank or 
reservoir. Always clean transfer containers before and after each use. 

5. Select an o'il that is compatible with the. pump specifications. Pumps < 
are the most critical .system component when selecting a hydraulic oil.. 

6. Never mix different types or grades of hydraulic oil. Oils having differ- 
ent 'properties are often incompatible .with *ne another and may result 

in system damage." 

7. Mak"e sure the entire system lis clean before changing the oil in the hydrau- 
lic power, unit. Do not add'lflean oil to dirty oil. 

8. ' Check. the oil level and quality in the hydraulic power unit regularly. 

Have the oil supplier check samples^of used oil to identify any problems 
or contaminants in . the system. 

9. Drain all oil from the system and replace it at regular 'intervals. The' 
useful lifetime of a hydraulic oil depends on. the quality of the oil and ( 
the 'operating conditions. Some systems operate sati sfactor,i ly 'for as long 
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as two years without an oil change. Others require fluid changes as 
often as once a month. Most systems fall- somewhere between these two 
extremes. The oil change schedule for a particular system should be es- 
tablished after testing of the oil during initial system operation, 
10. Dispose of used oil properly, and do not return used oil to the system. 

REPLACING HYDRAULIC OIL 

The general procedure for replacing hydraulic oil is as follows: 

1. Drain a-11 oil from the system, by disconnecting and draining piping and 
• components, or force oil oufeftith clean, dry air .under pressure. 

2. Inspect and -clean filters and oil reservoir. 

3. Fill system with a recommended flushing agent and operate for a period 
of time. 

4. Drain flushing agent from system, inlcuding lines and components. 

5. Replace filters (if necessary) and refill system with new oil. 

Several procedures may be used for fllushing the system. Since it is vir- 
tually impossible^ to remove all the flushing agent from the system, materials 
that might be damaging to either system components or the fresh charge of oil 
should not be use'd. Kerosene, naphtha, alcohol, steam, or water should never 
be used 'for flushing the system. In addition, the flushing agent should be 
compatible with. all seals in the system. Carbon tetrachloride, should never 
be used because it reacts with watetr to form hydrochloric acid, which can re- 
sult in serious corrosion problems. 

. One procedure that is sometimes used to flush a system is to fill the 

♦ 

system with a lightweight oil* and operate the system for a few hours without 
load, possibly at an elevated temperature. This flushing method requires that 
the pump operate for an extended period with an oil of lower viscosity than 
that for which it is designed. This can result in excessive wear and pump 

to 

.damage. Therefore, this method should not be used without consulting the pump 
manufacturer* 

A safer method is to fill the system with the operating oil as a flushing 
agent and to drain and refill the system after a few hours of operation. This 
method will remove many system 'contaminants but may not remove sludge and gum 
that are not highly soluble in the oil. 
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The preferred method is to use a special purging oil that contains sol- 
vents, for removing deposits from the system. - \ f 

If the working fluid in a system is to be changed from a petroleunWrr 
to a fire-resistant flu4d, or vice versa, special precautions.must be followed 
to remove all old fluid. In this case, the system should be completely disman 
•tied and clearfed thoroughly. Steam cleaning of components and piping is r?com 
mended. A1J seals should be checked for compatibflity with the new fluid, 
and paints and sealers should be checked for resistance to any of the fire- 
resistant fluids. 

In all maintenance procedures and during system operation',, the removal 
of spilled or leaking fluid is essential. Spilled fluids collect dirt and 
present safety and fire hazards. * 

PROPERTIES Of PMEUMATIC FLUIDS 

The only gas widely used in pneumatic power systems is compressed-air. 
Other gase.s may be used, but their application is so rare that they will not 
be discussed. 

Pneumatic and, hydraulic systems usually do not compete for the same appli- 
cations since the characteristics of the two system types are considerably dif- 
ferent. Table 3 lists advantages and disadvantages of compressed air as compared 
to oil as a working fluid. * i 



TABLE 3. ADVANTAGES AND DISADVANTAGES -OF COMPRESSED AIR 
AS A WORKING FLUID. 



Advantages 



Ai_r will not burn and may be used jn applica- 
tions where a combustible fluid would present 
fire hazards. 

Air can be used in applications where, hot- spots 
cause elevated fluid tempera Cures. 

Because of its compressibility, air can pro- 
duce more rapid motion than liquid fluids. - 

Air is not messy. , 

Air is readily available from the atmosphere . 
at no cos,t. 

• Air can be exhausted directly tfack "into the 
atmosphere, eliminating the need for return 
piping. » 



Disadvantages 

• Due to,j ( ts compressibility, air cannot be used 
in applications where accurate uositioning or 
rigid holding is required. 

• Because air is compressible ♦ large cylinders 
producing large forces tend to be sluggish. 

•♦Pneumatic systems are far less efficient in power 
transmission than hydraulic-systems. 

• Air always contains dirt, dust, and water vapor 
that must be removed before the air can be used 
in a pneumatic power system. 

• Air has very poor lubricating ability. 
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Module FL-03, "Fluid Storage, Conditianing'and Maintenance," disGusses the 
preparation necessary before compressed air can be used as the working medium 
in a fluid power system. 

/ • , 'SUMMARY * ' - 

The most important material in a hydraulic -power system is the working 
fluid. This fluid transmits^ fl uid power, acts as a lubricant and sealant in * 
the system, and prevents rust and corrosion of system components. The most 
commonly used hydraulic fluid is petroleum oil. Its major disadvantage is 
that it hjjrns. Several other fluids may be used when a fire-resistant fluid 
is desirable. The most important property of any hydraulic fluid is its 
viscosity. Viscosity is an indication of the internal resistance of the 
fluid to flow. Fluid pumps are designed to operate with liquids of" a specific 
viscosity. Other system components, including the hydraulic fluid, ar;e chosen 
th^t are compatible with pump requirements. Using a fluid of the wrong visc6sity 
may damage the pump. Hydraulic fluids should always be maintained in. a clean 
condition and checked regularly and replaced when they fall below minimum system 
"requirements. N * * ' \ 

— T^e^nly-fTu-i^-eommonly^used in'fneumatk power systems is compressed 

'air. The behavior of pneumatic systerrl^^fers from hydraulic systems because 
the working fluid is a compressible gas. * x . t 



EXERCISES . 

1. List and explain the advantages and disadvantages of compressed air as a~work 
ing fluid for fluid power (systems, as compared to hydraulic oil.* List. 

five examples of'the use of each type of fluid. Consult a library. 

2. Explain the consequences of\sing a hydraulic oil of Incorrect viscosity. 

3. Discuss the problems of using\-h^draul ic oil with a low viscosity index. 

4. Discuss v the problems involved in the use of the following types of hydrau- 

V 

lie fluids: 

a. Water < 

b. Petroleum oils _ 

c. Water-oil emulsions, ^ . * 
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d. 'Wa^er-glycol solutions 

e. Synthetic fluids' * * 

Explain factors contributing to the oxidation ofj2£t*4leum oils in hydrau- * 
lie systems and the problems that result from oil oxidation. 
Explain the difference between rust and corrosvon and the causes of each 
in a hydraulic system. Explain how each may be reduced. 
List and explain the v * precautions necessary in the tandl ing, storage, and 
maihtenance of hydraulic oils. t 
Explain the procedures and, material s that can be used in flushing a hydrau- 
lic system, ^Explain the dangers in using solvents d£g oils of low viscosity 
to flush hydraulic systems. mm > 

List the four basic functions that must be performed by a good hydraulic 
oil and the 10 characteristics of a good oil. 



LABORATORYiMATERlALS 



'Hydraulic power;- unit with pressure' meter and internal pressure relief valve 
Hydraul ic 'pressure relief vafve 
Hydraulic check valve * * 

Hydraulic flowmeter- k 
Hydraul ic directional control valvV * 

Double-acting hydraulic cylinder (piston^diameter^fcqd rod diameter known) 
Connecting hydraul ic^ hoses ' 4 
Cylinder loadingf device . • 




Pneumatic powers unit with FRL 
Pneumatic flowmeter < 
Pneumatic' directional contrd^valve 
Double-acting pneumatic 'Cyl ind^r , 
■Connecting pneumatic hoses ' ; J> 
Stopwatch 



X 



r 
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LABORATORY PROCEDURES 



LABORATORY M HVVRAULK .EXPERIMENT . 



In this laboratory, the student will construct fluid power circuits for 
the operation of double-acting hydraulic and pneumatic cylinders and evaluate 
cylinder operation on the extension and retraction strokes. 

1. Record the pressure setting to be used on the pressure relief valve (maxi- 
mum pressure), the piston diameter, and the rod diameter in Data Table 1. * 
Calculate ttie area of the piston and the area of the^pfsion minus the 
area of the rod. Record these figures in Data Table 1. The first area 
is the effective area for the extension stroke; the second is fo^ the 
retraction stroke. t 

Multiply the pressure times each area to obtain the maximum forces, pro- 
dgced'by the cylinder for each stroke. Record force values in Data Table 



2. 



3. 



Construct the circuit in Figure 3. Set the pressure relief valve for 

5. 



♦the desired pressure. 



CYLINDER 
\ t 




7, 



HYDRAULIC 
POWER 



Figure 3. Hydraulic 
Experimental Circuit. 



Have instructor check circuit 
before operation. 
"Turn i oTf ttre~tiydraul fc power unft 
and actuate the DCV without tension 
on the loading device. Operate 
the cylinder in both^directions - 
several times to remove trapped 
air from the system. Observe the 
speed of piston motion in both 
directions. 

Increase the tension on the cylinde 
loading "device to the point where 
-ih^re traction force is just capabl 
of retracting th^ piston. 
With the piston /fully retracted,, 
position the to extend the. 
piston. Measure and record the 
following quantities: 

a. Measured pressure v •* 

b. k Flow rate . ^ 
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10. 



11 



12J 



13, 



14. 



c. .Jime for extension stroke 

With the piston fully extended, position .the DCV to retract the cylinder. 
Measure and record t'he fol lowing quantities : 

a. Pressure ' • 

b. Flow rate ! * - 

c. Time for retraction stroke 

For each stroke, calculate the forjce produced by multiplying the measured 
pressure times the effective area^ and record in Data Table 1. 
For each ^stroke, calculate the power by multiplying the flow rate (1 gal = 



231 in 3 ) times* the pressure. Convert the ee^i/ft to foot-pounds per second 
and record in Data Table 1. 

For each stroke, calculate the total energy expended by multiplying power 
times the time" required. Record the result in. Data Table 1. 
Increase the tension on the loading device and operate the cylinder in 
> both directions until the cylinder will no longer move. 
In the discussion portion of Data Table 1, discuss the differences in 
maximum force available and operating time for a double-acting hydraulic 

cylinder during the extension and retraction strokes. Incl ud e the 

for these differences. 
15. Turn off the hydraulic power unit. Clean and stor*e all hydraulic components. 



• LABORATORY 2. PWEUMAT1C EXPERIMENT. 

1 . Following the same procedures outlined in Steps 1-3 of the hydraulic experi- 
ment, complete the calculation portiorf of Data Table 2 for the pntumatic 

. experiment. \ 

2. ' Construct the circuit shown in Figure 4. ( Set the regulator for. the desired 

pressure. Have instructor check circuit before operation. 

3. v Follow the same, pro- 

cedure outlined in 
Steps 6-15 of the hy- 
draulic experiment.' 
and complete Data 
Table 2 for the pneu- 
. matic experiment. 

Figure 4.. Pneumatic Experimental Circuit. 

i 
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DOUBLE- . 

ACTING 

CYLINDER 



LOADING 
DEVICE 



£2 



Write a report summarizing the results of this experiment and comparing 
the action of double-acting hydraulic and pneumatic cylinders. 



DATA TABLES 



VATA TABLE / . HWRAULK EXPERIMENT. 



Calculations: 








Maximum pressure: 


i 


1 




Piston diameter: 




7 .-- 




Rod diameter: • ■ 








Area of piston (extension stroke area): 








< Area of piston minus- area of rod 
frpfrarfinn ^trnkp arpa)* 








Maximum pxtpnsion f orcp ■ 

1 IQ A 1 IIIUHI CAOCII J lull I Ul V- ^ • 




• 




Maximum rptrartinn force* 








Fxnprimpntal • « • 








Mpasurpd orp^^tjrp for extension stroke: 








Flow rate of extension stroke: 








Time for extension stroke: 








rUi lc UT cA led j lull jurur\e. 








Power for extension stroke: 




♦ 




Enerqy of extension stroke:. 




v-35 U 




Measured pressure for retraction stroke: 








Flow fate for retraction stroke: 








Time foj^ retraction stroke: 








Force of retraction stroke: 








Power for retraction strokfe: 








Energy of retraction stroke: 








Discussion: ^ 




• 










\ 



9 
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VAT A TABLE Z. PNEUMATIC EXPERIMENT. 



Calculations: ' • • 

Maximum pressure: 



Piston diameter: 
Rod diameter: 



Area of piston (extension stroke area) 

Area of piston minus area of rod 
(retraction stroke area): 



Maximum extension .force: t 

Maximum retraction force: 

Experimental: ^ 

Measured pressure for extensiqn stroke: 
FTow rate for extension strokTe: , 

Time far extension stroke: i_ 

Force of extension stroke:; % 

Power for extension stroke: 

En£gy of extension stroke: ; 



Measured pressure ^for retraction stroke: 

Flow rate for retraction stroke; 

Time for retraction stroke: 

Force of- retraction stroke: ; ; 



Power for r.etrafctiort stroke: s 
Energy of retraction stroke: ■ 
Discussion: 



;iort i 
:io» : 

1 
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GLOSSARY 



Corrosion : Tfie chemical reaction betweep-metal s and acids. " - . 

Demul sibil ity : The. ability of a* hydraulic oil to separate from entrained or 
dissolved moisture. 

* -< 

Fire point : The temperature at which an oil will give off sufficient vapor 
. to sustain combustion. 

Film strength : TCie'ability Of a fluid to maintain a. film between moving parts 
•under pressure. • * N 

Flash* point : The temperature at which an oil will give $#fsuf$cient vapor 
to ignite momentarily., but not enough to sustain a flane. . tJ? 

Lubricating ability : The ability of a fluid to reduce friction betweenSioving 
parts and , thus, wear of t^jae parts. 



Pour point : The lowest temperature at which a fluid willjnpw, usually, 5°F 
above the temperature at which no flow will occur, * ,*.*\ 



Rust': Oxidatiort of iron'ir steels 



Specific gravity : The r^tio of weight per brrit volumfr of a 1 iqui-d to the weight 
.p.er unit volume of water. 

» • 
Viscosity : A -measure £>f a fluid's internal resistance to flow or shear forces.* 
High viscosity indicates high internal resistance. ' 

# • ■ 

Viscosity index : .An indication of the relative change in viscosity of a. flu^d*. 
as its temperature^ changes. A high viscosity index indicates less changS 
in vlsdosity as temperature changes. 
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TEST 



T. Which of the following is not an essential requirement of a hydraulic, 
oil? X 

a. Prevent rust And corrosion .of working parts in the system. 

b. Transmit fluid power with minimum losses. 

c. Maintain viscosity as temperature changes. 

d. Act as a sealant for system components. ' 
.e. Lubricate moving parts iof the system. 

2. When considering the viscosity of the oil to be used in a hydraulic system, 
the'mo^t important consideration is 

a. choosing an oil of the lowest possible viscosity to reduce fluid 
friction in piping. 

b. choosing an oil of high viscosity to reduce -system leaks. 

c. choosing an oil that is compatible With pump specifications. 

d. ' choosing an oil that is compatible with cylinder operation. 

e. Both a and c are equal ly 'important. \ 

3. An oil .with a viscosity index of 100 indicates ... 
a. it has the highest^possible viscosity index.' 

~ b. its viscosity changes greatly as- temperature changes, 
e. its viscosity does not change as< temperature changes. 

d. ■ it 'should be used only under constant temperature conditions.. 

e. NoneiGf 'the above are true. 

4. When a hydraulic oil oxidizes, which of the following. occurs? 

a. Its viscosity decreases. * * K 

b. -ii^promotes rust due ta increased acid content, 
c^ It deposits sludge in Tow" points" in the system. " " x 

d. ' Its viscosity index faMs sharply. 

e. Both* b and c are true. - 
5* Oil oxidation is promoted b^ ... 

•a. entrained air bubbles. 

b. high temperature operation or hot spots, 

c. contaminants in the oil. 

d. All of the above. 

e. , Only a. and b are true. 
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6. Which of the following is the least important characteristic to consider 
in selecting* a 'hydraulic .oil? 

a. " Viscosity J . 

b. Viscosity index ' v 

c. ^^jbricating ability r x 
" d. Specific gravity 

e. Oxidation stability 
7; Which of the following hydraulic fluids is most likely to cause . problems 
with seal materials? 
a. Petrol-eum oils 
" b. Water-glycol fluids ^ . ■ ' 

<T emulsions ~ 

d. Water ' # f 

e. Phosphate esters 

% 8. Which of the following hydraulic fluids has the greatest fire resistance? 
a. Phosphate esters * ' 

• . b. Water-oil emulsions - ' . 

c. Watar-glycol solutions. \ 

d. * Petr.oleum oils 

Compressed air 

9. Which of the following procedures is acceptable in flushing most hydrauli 
systems when .changing oil? 

a. Use a very lightweight oiY^and.operate the system under load. 

b. Flush the entire system with kerosene. • - 

c. Use the normal op£rating-oil*^or flushing the .system 'and operate 
without load* for several hpurs. 

d. If Mn dpubt; add fresh oil without flushing tbe system. This is 
always the safest thing to do\ ' . \ 

e. Either a or c is correct. * \ . . 

10. Which of the following is not an advantage of pneumatic power systems 
. . as compared to hydraulic systems? 

a. Air will not burn. 

b. Air can be taken from the atmosphere and exhausted back into^the % 
atmosphere. 

c. Pneumatic systems are cleaner and less susceptible to cgptami nation 
"since the air does not recirculate and carry contamination .with it. 
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Compressed air as a working fluid results in more rapid operation of 
large cylinders producing very large forced 
Neither c nor d is an advantage of pneumatic systems. 
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INTRODUCTION 

The most important material in any fluid power system is the fluid itself, 
proper operation and extended life of fluid power components is dependent upon 
maintenance of the fluid in the proper condition for operating the systfem while 
protecting system components. The components most susceptible to. damage be- 
cause of contamination in the fluid are the seals of the working components. 

This module discusses the types of seals used in hydraulic and pneumatic 
systems and fluid conditioning methods used to maintain cleanliness of the 

working fluids and, thus, protect the jseali. The discussi on J ncl udes desi gn __J 

and functions of hydraulic fluid reservoirs and compressed air tanks; construc- 
tion and functioning of hydraulic* filters; components "useT for fiTtenng,* pres- 
sure regulation, and lubrication in pneumatic systems; and construction and 
materials used in all common seals. 

In the laboratory, the student will disassemble and reassemble a variety 
of fluid power components used in fluid maintenance and a variety of fluid power 
seals., Components included are hydraulic filters', pneumatic filter-regulator- N 
lubricator units, and several types of seals used in pneumatic and hydraulic 
cyl inders . 



PREREQUISITES 



T 



The student should have completed Module FL-02, "Fluid Properties and 

V r 

CI>araGte^i-st-i-c^^ — 



j - • 

OBJECTIVES 

Upon completion of this module, the student should be able to: 

1. List seven characteristics of a good hydraulic reservoir.. 

2. Sketch a hydraulic reservoir and explain its construction and the func- 
tion of each major part. 

3. Explain the role of the compressed air tank in fluid conditioning in a 
pneumatic system. a . 



FL-03/fage 1 

GO 



Explain the importance of controlling the temperature of the fluid in 
hydraulic and pneumatic- systems and how this is accomplished in each 
system type. 

Explain the operation of the following types of hydraulic filters: 

a. Mechanical filter 

b. Absorbent filter ' 

c. Adsorbent filter 

Explain the* advantages and disadvantages of the following hydraulic filter 
locations: 

<a. Suction line filter 

/j 

5V "High-pressure 1 ine' filter " *~ — ----- -■ 

c. Return line filter 

d. Bypass filter 

Explain, witn the use of diagrams, the operation of each of the elements 
in a pneumatic filter-regulator-lubricator unit. 

Draw diagrams" of each 'of the foil owing "types of seals, arid list the appli- 
cations and characteristics of each< 

a. Compression seals 

b. 0-rings 

c. V-rings 

d. . Piston cup packings / 

e. Piston rings 

f. Wiper rings 

List the characteristics, applications, and approximate operating temper- 
ed tijTe^an g~es~af the" ~ f o ITowi n gnsreffl^atBrtat si — ^ T" 

a. Leather 7~ 
b/ Buna-N 

c. Buna-S \ 

d. Viton • . - 
e* Neoprene 

f. Silicone rubber 

g. Teflon *> - 

In the laboratory, disassemble and reassemble the following fluid power - 
components. Make a sketch of each and discuss its condition and operation. 

a. Sump strainer? s 

b. Line filter 4* * 
2/FL-03 Si 




f RL unit 

Hydraul i CMreservoi r 
Compression packing 
0-ring seal 
>V-ring seal 
Piston cup packing 
H^ton ring seal_ 
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RESERVOIRS AhlV TANKS > . 

Reservoirs and tanks are containers for holding the working fluid in fluid 
power systems. In hydraulic systems, the container, usually called a reservoir, 
holds hydraulic fluid at atmospheric pressure. -The fluid is drawn into the 
pump inlet from the reservoir and returns through return lines ancfdrains. In 
pneumatic systems, the cont^iner-^h* usual ly called a tank. The tank receives 
compressed air from the compressor and holds it 'at the working pressure until 
it is 'needed. Used air is not returned to the tank. 



HWRAULK RESERVOIRS 

A hydraulic reservoir is far more than a -container for the hydraulic fluid. 
Proper design and construction of the reservoir Js of key importance to the 
operation of a hydraulic power system. Characteristics of the reservoir in- 
clude the following: * 

• Allows dirt and foreign particles to settle to the bottom and, thus, be 
removed* from the working fluid 

• La'rge surface area to remove?* heat from the oil 

• Large volume to contain all oil that might drain into it from the system 

• Adequate air space to allow for thermal expansion of the oil 

• Maintains high oil level to prevent air from being drawn into the pump 
inlet - - 

• Allows entrained air to lgave the oil without being drawn into the pump 

inlet v - , 

• Allows for ease of maintenance and cleanup 

Figure 1 illustrates a hydraulic reservoir that is suitable for most indus- 
. trial applications. It is constructed of welded steel plates and coated ihside 
with a protective coating to prevent rust arid corrosion due to water or impuri- 
ties in the oil. The legs or risers supporting the reseVvoir should have a 
height of at least six inches to allow adequate airflow across the bottom of 
the reservoir for oil cooling. The top of the reservoir is a steel plate that 
bolts into place and usually supports, the pump and pump drive. 

The reservoir should be as large as -space permits to allow better cooling 
of the oil and to contain- aJarge enough volume^f oil that there is time for 
particles to settle out of returned oil before it is returned to the pump. The 

* . » • 
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RETURN LINE 



SEALEO FLANGE 



ORAIN ♦ AIR ' 

RETURN PUMP BREATHER MOUNTING PLATE 
INLET ANb 

ANO PUMP 



sight Glass 




minimum allowable, size of the 
reservoir is determined by the 
for electric motor largest of>two factors. The res- 

a Kin oi mo ^ _ 

ervoir must be large enough to t 
contain all oiTthat may drain 
into it from the system. In sys- 
tems with large cylinders or long 
piping runs, thisTilToften the 



.deciding factor. In* other sys-. 
terns, the reservoir size is based 



CLEAN-OUT 
PLATE-BOTH ENOS 



Figure 1. Reservqir Construction. 



on pump .capacity . Reservoir ca- 
pacity should be at least three 
times the gal j on per minute rat- 
ing .&£*£he pump. 

Reservoirs are generally 

rectangular in shape wjth the depth approximately equal to the width. If the 
reservoir is too shallow, the wall area may. not be sufficient for proper- cooling 
of the oil; if it is*too deep and narrow, there may not be sufficient surface' 
area for the removal of air bubbles in the oil. 

Jhe reservoir contains an internal baffle that is about 70% of the hei ght 
of the maximum oil level. Oil is returned to the reservoir on one side of the 
baffle and withdrawn on the other side. This causes the returned oil to remain 
in the reseWoi r f ,for the maximum time for removal of air bubbles, particles, and 
heat energy. The return line extends to within two pipe diameters of the bottom 
of the tank to prevent foaming <\f the returning- oil . The pump inlet line and 
strainer are located near the bottom of the tank to prevent a "whirlpool" effect, 
which would carry air into the pump. 

The lower surface of the reservoir is dished or sloped to a drain plug lo- 
cated at^the lowest paint for removal of all sludge and water during draining. 
The filler cap on the top of the reservoir is equipped with an air breather that 
allows air to enter or leave the tank as the oil level changes. A filler is in-- 
corporated to prevent contamination from entering with the air. Each end of the 
reservoir contains a large clean-out plate that may be removed for complete 
cleaning "of the reservoir interior when the system oil is changed. This plate 
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may also contain sight glasses that are used to determine the oil level in the 
reservoi> % Vertical glass,' tubes can also be used as sight glasses. 

The location of the fesej;voir should allow free airflow around all sides 
for efficient oil cooling arrd easy cleanup of any spflled or leaking oil. The 

location should also afford easy access to the si^ht glass and ease of maint^ / 

nance. The reservoir should be cleaned thoroughly at every oil change, as most 
oil confaiminants accumulate in the bottom of the reservoir. 



PNEUMATIC TAWKS 

The air tank of pneumatic power systems is a container for storing com- 
.pressed air. Like the reservfri^ of the hydraulic system, the air "tank is an 
essential component for proper fl uicK conditioning. Much of the dust contained 
in the air entering the compressor is removed by the intake filter, but a sig- 
nificant-amount is passed on into the system. When the air, is compressed and 
qooled, the moisture it contains condenses and must be removed. Both of these 
flgid contaminants are removed in the air tank. 'A drain pTug^K^he bottom of 
the tank may be removed to al lo^condensed water to drain out and carry with 
it dust, dirt, and any rust or corrosion particles that may be present. In 
'many systems, this drain is automatic and cycles whenever a preset amount of 
liquid water has accumulated. ■ 

The size of, the air tank* varies .from one system to another, depending on 
the use of the pneumatic power system. The tank should- be large enough to 
allow for the condensation of most of the moisture while air is in the tank and 
should be located so theVe is adequate ventilation for cooling the air. 



TEMPERATURE CONTROL * 

Both hydraulic -and pneumatic power systems require that'the temperature of 
\he working fluid be within the proper range. When hydraulic systems are used 
in extreme^ cOjld conditions, it is sometimes necessary to heat the oil to main-* 
tain the ^pro^eJ viscosity. Under most operating conditions, the function of 
temperature, control devices is to remove excess heat from the system. 



9 

ERLC 



FL'-03/Page 7 



COOLING IN HYVRAULK SYSTEMS 

Heat is generated in hydraulic systems by several components. Most oil 
heating occurs in the pump, pressure relief valves, and directionall control 
valves, although small amounts are also produced in pistons, motor!, and piping. 
This heat energy raises the temperature of 0 theoil and must t*s removed to main- 
tain the oil at the proper operating temperature. Module FL-reV "Fluid Proper- 
ties and Characteristics," describes the problems arising from overheating the 
hydraulic fluid. , * 4 

In many hydraulic systems, waste heat is removed primarily through the 
wa l ls or the reservoir. Air circulating over the "outer surfaces uf th$ reser^ — 
voir coctfs the walls and the fluid inside. Some reservoirs are equipped with 
cooling fins. A fan can be directed ^ft^the reservoir in order to reduce the 
♦temperature enough to overcome minor heating problems. 

Larger systems often employ heat exchangers to remove excess heat and 
maintain oil temperature. Water-cooled heat exchangers consist of a bundle of 
tubes, which carry the hyaraulTc fluid, surrounded by a shell, which carries 
cooling water. Heat is-- conducted from the pi 1 ^ through the^lls, and into 
the water. The tubes carrying the oil contain turbulato^s , which results' in tur- 
bulent oil flow to br#ig all the o,il in contact with the walls. The heat -ex- 
changer is usually located in the return oil. line so that oil returns to the 
reservoir through the heat exchanger. The flow of cooling water can be con- 
trolled by temperature Sensors in th'e reservoir. 

Air-cooled heat exchangers consist of a Series of finned tubes, which 
"carry the oil to be cooled, and a fan for forcing air over the tubes. This 
type of heat exchanger is usually less. expensive to purchase and operate, but 
is less efficient than the water-cooled type. . . . 



COOLING IN PNEUMATIC SYSTEMS * A 

The primary purpose of flui'd cooling in pneumatic systems is to remove 
water vapor from the compres^d air. When arir is compressed, some of the water 
vapor it contains condenses as liquid water* Lower, .air- tempteratures-result-jn 
more condensation. Since the compressor also raises the temperature of the 
air, the water vapor does not condense immediately ; and more condensation oc- 
curs when the air temperature drops. I*f moist air enters the distribution 
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gifting, it will cool in the pipes and result in liquid water throughout the 
distribution system. The presence of this liquid water i^s.not usually elimi- 
nated entirely, but it must be reduced to alleviate problems. 

In many smaller pneumatic systems, air cools in the air tank by conduc- 
tion of heat energy through the walls of the tank. This removes most of the 
moisture and the remainder is removed by filters in the distribution system. 
Larger systems often employ a heat exchanger in the air circuit between the 
compressor and the tank. This is usually a water-cooled heat exchanger iiL_ 
which the compressed air flows across water-filled tubes with fins, thereby 
cooling the air beforFiT enters the tank and speeding the condensatipn pro- 
cess. The liquid water is still collected r in t^ bottom of the air tank. 



ALTERS MV STRAINERS 

* Both hydraulic and pneumatic systems employ, filters to remove particles 
from the working fluid. Proper operation and maintenance of these filters is 
of prime importance in the operation of the system. AIT fluid power systems 
include seals that must prevent leakage around accurately machined moving metaj* 
parts. The presence of particles in the working fluid destroys these seals 
and damages the jnetal surfaces. 



TVPPS ()F HVVRAULIC F ILTERS 
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Oil filters for hydraulic systems are available in three basic. types: 
size or mechanical filters, absorbent fUters, and_ adsorbent f\ Iters. 

flechanical filters are the-most widely used and are available in-a wide 
range- of sizes and configurations. In this type filter*, also called a strainer 
oil is forced -through a material containing many small openings. Particles too 
big to pass' through the openings are separated from the oil. The most common, 
type of mechanical -filter is'shoWn in Figure 2. The'filter element consists y 
of finely woven metal screen, fabric", or specially treated paper. The filter 
-element is foVded to provide the maximum surface area for-filtration. Other 
types of mechanical filters employ a thick layer of felt or cellulose or a 
stack of di,sk-shaped metal elements with small spaces between them. Magnetic 
rods .are often included to attract and hold any iron or steel particles that 
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present. Mechanical , filters are usually 
>y the diameter of the openings in the fila^J 
ment in microns. # A micron is one-qhousandth 
illimeter, or 0.000039 inches. Standard . 
ers are usually in the" range of 50 to 150 
microns, but* some special purpose'fil ters 
have openings of only 5 microns. ^ These are 
used to>vprotect i^nsitive el ementS- such as^ servo 
valves. One of the major advantages of £he most 
popular mechanical filters is that they can.be 
cleaned and reused almost indefinitely, whereas 
other filters are used once and replaced. 

Absorbent filters employ porous or permeable ' 
- materials as filter elements. Materials used in- 
clu^f cotton', paper, wtood pulp, cloth, and asbestos. Absorbent filter elements 
do not simply block the passage of particles - as do mechanical filters - but 
absorb and trap the particles within the filtering material. These filters 
generally remove particles of smaller size that m^ be passed/ by most mechan- * 
1cal filters; howq^r, they do not remove any chemkal products of nil oxida- 

'Adsorb&t f-tlters remove impurities by causing the- particles to clir^|tto 
$he surface of the filter element and, in some systems, by chemi crff action. 
Materials used in these filters include activated clay and chemically treated 



Figure 2. Cutaway View of 
Take-Apart Sump-Type Fil- 
ter, ^Showing the 'Position 
of the Magnetic Rods 



1 paper!; ^Char^al and Fuller's earth are" rarely used because they tend to V§- 
^-inpve- impa^pt %il a^tdjtives. t 



LOCAtlOH OF HWRAULK FILTERS 



'Filters maybe located in several places in hydraulic systems. The most 
common type is v the suction-type filter, also called a sump stra'in&r wfvi'Ch is 
'located inside the .reservoi r on the end of the pump inlet line. This filter 
is usually, a wire screen mechanical filter. It is the .least expensive filter; 
however, because of several disadvantages, it is considered the minimum accept- 
able protection and the least effective filter. The major problem with this . 
filter location is its inaccessibility for ijnspe^fion^and maintenance. ^ The 
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. reservoir must be drained and opened before the^ filter can be inspected or 

' cleaned. If the filter becomes clogged,- the pymp may starve far oil, resulting 
in pump damage or improper? operation. „ 

These problems- may be' overcome by installing the filter in an external por- 
tfon of the suction line. Suction filters are often provided with a. bypass 
that opens to. allow uhfiltered oil to flow to the pump if the filter is 
clogg'ed. Several types of indicators may be included to indicate .the condi- - 
tion of the filter without opening the system -.a lever that indicates the 
loading of the filter element, a plunger, that extends when the bypass opens,, 
and an electrical switch that controls an indicator Tight. In all cases, 
these indicators are activated by -the pressure drop across the filter ele- 
ment. . ** ' ► 

It is extremely important that a suction filter.be sized to accommodate 
the p'ump capacity. The only force available to'deliver oil' to the pump inlet 
is the force of atmospheric pressure on the surface of the. oil in the reser- 
voir. Therefore, only a small pressure drop can be tolerated across the fil- 
ter ( element". If the filter is too" small, it will restrict the flow to the 
point of 'Starvirtg the pump. c " 

Figure ,3 shows a high-pressure line filter.' This type of filter ^is lo- 
cate^ 1n the high-pressure t>il line downstream from the pump. It is the most 
expensive type, as* its casing must withstand 

Hhffull operating pressure of the system. 
This filter location Jpos^ -several serious dis- 
advantages^ compared, to suction frlters. It 
doea^iot protect the pump t f rom contaminants 
entering' it- from the reservoir. If the filter 
becomes clocjged, the c element may collapse be- ' 
cause of the oil pressure and. the filter be- 

* comefs inoperative. High-pressure line fil- 
ters also result in a pressure drop/ thus re- 
ducing the effective pressure of the system. 
Advantages of thii filter location include 
ease of service and. ease^of filtering out-' 1 ■ 

extremely small particles. This is beaause there is.more pressure available 
to force oij through the smaller hoi es^ required to remove very small particles. 




Figure 3. Cutaway View of 
High-Pressure Line 
Filter. 
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Oil lin^tlLlters may also be located in the return line to the oil reser- 
vpir. This arr^nglsment removes the filter from the high pressure part of the 
system but introduces other problems. Oil line filters become lo'aded mpre 
quickly because toRtaminants have no opportunity to. settle out in the reser- 
voir, and the oil pressure in* the return lines is raised. Double-acting cyl- 
inders may return oil to the reservoir at a rate much higher than the pump 
delivery rate. Therefore, return line fil ters^must be sized for the maximum 
oil return flow rate .rather than ^he pump delivery rate. . t 

The filters discussed thus far have all been full -flow filters / This 
'means that all oil flowing through 'the system must pass through the filter 
element. Some systems employ proportional filtering in which only a portion* 
of the^ oil .passes through the filter on each trip through the system.' In such 
a system, also called bypass filtering, the filter may be located in the, line 
that returns oil to the reservoir from the pressure relief valve, in a bypass 
off the main, supply line, or in a bypass off the return line from directional 
control valves and WQrking components. This filtering scheme allows the sys- 
tem to continue to function with the filter clogged but does not provide the 
protection of full-flow filtering. 

.PNEUMATIC FILTERS ' * 

* f 

Filters are normally. located at two points in pneumatic systems. Intake 
filters remove particles from-the intake air and protect the compressor. Air- 
line filters are located in the* air line near- the driven components. 

Intake filters are usually either dry surface filters or oil-bath' filters 
that use an absorbing material soaked in oil to trap particles. They remove 
larger particles that might damage the compressor but do not usually remove ' 
smaller particles that could damage working components of the system, These 
particles are removed •later by air-line filters. 

Even though many contaminants are removed from the- air of a pneumatic , 
'systemwby the intake filter and by condensation^ in the a.ir tctnk, some contam- 
ination is always present *4n the' air lines leading to the working comppnents^ 
These include dust parttcies, wate^ vapor and liquid, and pipe, scale. Air- 
line filters remove theses co/itaniinants just. before the air is used. THe< two . 
major types of air-line filters are the mechanical filter and the" absorbent • 
filter. , ' .. ; - ' . , " 

</','." 
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Figure' 4. Mechanical Filter. 



figure 4 shows a" centrifugal , mechanical 

air-line filter. It consists of four rotating 

disks through whicfh the 4iV passes. Airflow 
' through the. filter causes the 4 disks to rotate. 

The rotation',causes any heavy particles, such 

as dusty or water droplets, to be thrown r .out 

of the air stream by centrifugal fqrce. 

These particles collect, on the sides* of the 

filter housing and ^are carried to the bottom 

of the housing "by the water that is removed 

from the air line. • 

Figure -5 shows-.an absorption-type, 

air filter. In this filter, air enters 

baffles that swirl the air to remove 

larger particle^ by centrifugal force. 

These particles fall past the quiet zone 

baffle and are ^trapped. The main filter 

elerpent is a cellulose surface-type 

filter, or an absorption element of , 

soipe other material, that allows 

the air^ passage but traps contaminants. 

In some filters of this design, the 

filter element is made of porous .bra-ss. 

Water droplets are removed prim^ily by 

centrifugal action and collect in the 

bottom of the filter. -The filter may Figure ^ Operation of Air Filter . 

be drained 'either manually or auto- \ * 

matically* . i k 4 f 

Air dryers >( are devices us6d ta remove alVthe moisture from compressed 

air to 4 deli ver-dry aiV to the point of application. .They consist of, a cart- 
ridge .containing a desiccantf material that reacts chemically with liquid 
'water or water vapor .to remove it from the air stream. r* 
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AIR PRESSURE REGULATORS 

Air compressors are usually set to turn ON when the pressure in the air 
tank drops below a preset level and to turn OFF when the pressure rises to 
another preset level. Thus, the pressure of the delivery system varies during 
normal operation. Pressure drops in lines and'the simultaneous operation of 
several pieces of equipment may also affect air pressure at any point in^the 
system. Air pressure regulators are used near working Components to deliver 
compressed air to that component at a Gonstant pressure. 

. * Figure 6 shows a typi- 

cal air pressure regulator. 
It consists of a disk-shaped 
val ve, operated by a vertical 
rod. The rod is driven by 
forces applied by a 'spr/ing 
i and by air pressure on a 
diaphragm. The spring 
forces the rod down to open 
the valve and is adjustable 
—2 "to set the operating pres- 
sure of the regulator. Air 
pressure from the downstream 
si-de of the regulator causes 
an upward force on the diaphragm and, thus*-- on the operating rod. If the down- 
stream pressures at or above the preset level, the valve remains closed and 
no^ir flows. If the pressure is^elow the preset level, the force of thq > 
spring exceeds the force on- the diaphragm and the valve is forced^ open until 1 * 
the pressure is restored at the proper level. 




Figure 6. Air Pressure Regulator. 



AIR-LINE LUBRICATORS" 

Aif will act as neither sealantnor lubricant in pneumatic systems! 
therefore, oil must be added to" the air stream to perform these functions. 
This is accomplished with the air-lTne lubricator shown in Figure 7. Air from 
the supply line enters the bowl of the* lubricator to produce a pressure on the 
surface of the pil equal to the static pressure of the supply line. The air 
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flowing through the lubri- 
cator travels through and 
around a small tube, 
called a mist generator. 
Because the air has a 
greater velocity in the 
mist generator, its 
static pressure is less 
than in the* supply line 
and bowl . The greater 
^pressure in the bowl 
forces oil to flow up the 
siphon tube and drip down 
into the mist generator 
(Bernoulli 1 Theorem, see 
Module FL-01, "Introduc- 
tion and Fundamentals of Fluid Power") 




Figure 7. Lubricator with a Sight- 
Feed Glass. 



Oil" flow may be adjusted by a small 



needle valve* at the top of the siphon tube. Air flowing through the mist gen- 
•efator breaks the oil droplets into a fine mist, which is carried along with 
the air stream for lubrication and sealing. Larger oil droplets are carried 
up to 20 feet in the air stream. Smaller droplets travel as f$r as 300 feet. 
For maximum efficiency, the lubricator should be located near the working 
comppnent. Generally, the volume of air in the air line-between the lubri- 
cator and the working component should not exceed the volume of the working 
component. * 



FRL UNITS * * 

- » 

In most pneumatic systems, the air-line filter, pressure regulator, an& 
air-line lubricator are^combined in a single unit called a filter-regulator- 
lubricator (FRL) unit. Figure 8 shows one common FRL un# configuration in 
.common. use. Usually, these units are located near the working component. No 
mor'e • than, two components should be operated from one FRL unit. 
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SEALING^ VEVKES 




Figure 8. FRL Unit. 



Both hydraulic and pneumatic systems 
require sealing devices to contain inter- 
nal pressure and prevent leakage of the " 
working fluid. Several types of seals, 
are .common in fluid power systems. 
Static seals are those between components 
that do not move with respect to one 
another, such as between the walls and 
end of a cylinder.. Dynamic seals ag^ those that seal components that do move 
relative to one another, such as between a cylinder and piston. Positive 
seals are designed to prevent all fluid flow between two components. The 
seals between a piston and cylinder are positive seals; — Nonpositive seals 
are designed to allow a small amount *of oil flow through the seal at all times, 
such as the seals between the body and spool of a directional control val^e. 
Nonpositive seals are the result of two clpsely mating 'rigid surfaces <with no 
flexible seal ing ^element. Pos itive s eals always involve a flexible sealing 
material that forms a tight fit wiith the two rigid surfaces. 



COMPRESSION PACKINGS 

Compression packings are static seals between two rigidly attached-com- 



ponents, as shown in Figure 9. 




l! _ 




Figure 9. Static Seal 
Flange Joint App*li- 
\ cations. 



The seal material is a fiber gasket positioned 
between the two components to be sealed. The 
bolts holding the components together can be , 
tightened, thereby compressing the gasket and . 
producing a positive seal. These *seals pro- 
vide Tohg7 trouble-free service and need not 
be serviced unless the seal is broken by re- r 
moving one of the components. 
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O-rings, the most widely used seals for hydraulic systems, are molded syn- 
thetic rubber seals with round cross sections. These rings are available in a 
wide range of sizes. "O-rings provide effective dynamic seals through a wide 
range of pressures and temperatures, seal for movement in both directions, and 
result in low operating friction for moving parts. v . 

Frgure 10 shows the installation of an t 
0-ring in an annular groove in a piston. 
(Note: Clearances are greatly exaggerated 
for explanation .) The 0-ring is compressed 
slightly at both diameters, creating a 
static seal between the two'surfaces (Fi g- 
ure 10a). When pressure is applied (Fig- 
ure 1 Ob) * the 0-ringJs forced against the 
surface of the groove and the cylinder wall ^ 
to provided positive seal in either direc- 
tion. O-rings are widely used in applica- 
tions involving sliding motion but are not. 
well suited for rotational motion or^ appli- 
cations where vibration is excessive. 

At high pressures the 0-ring may 
extrude into the space between the two 
mating parts, as shown in Figure 11a. 
. ThiV damages the 0-ring and quickly de- 
stroys the seal. This can be prevented by 
installing a back-up ring (Figure lib). 
If pressure is to be applied in both di- 
.rections, a 1>ack-up ring must be installed 
N on both sides of the 0-rijng. *. 
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: igure 10. Operation 
of D-Ring. 
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( a ) 0-r Ing t ' 




-HI 

(b) Backup Ring 
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Figure 11 . Back-up Ring 
Prevents Extrusion of 
O-Ring. 



75 



ft.-03/Page 17 



v-mms 



V-rings are compression fittings used in all types of reciprocating seals. 
This type of seal is common in rod and piston seals in hydraulic and pneumatic 
cylinders and in pumps and compressors. 



INSTALL MALS OR BOTTOM 
ADAPTER RING FIRST, 



LEAD-1H CHAMBER 



Figure 12 shows a V-ring seal 
installed as a rod seal. The open 
end of the V is always installed 
facing the pressure.. In applica- 
tions where pressure is applied in 
both .directions; two sets of V- 
rings are required - ®ne facing 
each direction. V-rings may be 
used singly or in stacks and are 
compressed by a* flanged follower. 
Proper tightening of the follower 
is essential, as too much tension 
will cause rapid wear of the seal. 
V-rings are available either as 
unbroken rings or as split rings. When installed, the split rin'gs will overlap 
slightly^. Compressing the seal will align and seal the joint. V-rings should, 
not be trimmed for an exact fit with no tension applied. 




*SGSR ALL JOINTS 
.ALTERNATELY ?80* 
TH.HN 9Q'*1NGS SHOULD 

J Overlap slightly at -Oints 

OON T CUT RINGS. - GLAND SHOULD PIT SNUG AGAJNST 

PACKING IF NECESSARY TO PREVENT 

CRUSHING THE RINGS. 

USE SHIMS AT THIS POINT • 

Figure 12. Application of 
V-Ring Packings. 
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piston CUP PACKINGS 

Piston 1 cup packings are designed specifically for sealing pistons in hy- 
draulic and pneumatic cylinders and in reciprocating pumps and compressors. 

They offer the 'best service life for 
these applications, require the min- 
imum recess space, and are easily "and 
quickly installed. They are cup 
shaped with a hole in the center. • 
figure 13 shows piston; cup ; packings 
installed in single-acting and double- 
acting cylinders. Since the applied 
pressure forces the cup open and into contact with the cylinder wall, piston cup 
packings can handle extremely high pressures. 




«. S*ngf»-*ctto? Cyffftf* b. Double- tct log CyflMfer 

4 

Figure "13. Piston Cup Packings. 
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PISTON RINGS 



A 



Piston rings are circular seals with a rectangular cross section used to, 
seal pistons in cyjinders'or pumps. They may be used singly for low pressures 
or multiply for higher pressures, as shown in Figure 14. 

Metallic piston rings are* made pf c^st 
iron or steel and are plated with ztnc phos- 
phate or manganese phosphate to resist rust 
and 'corrosion. Tj^ese types of piston rings 
offer ^considerably less resistance to motion 
#ian do rubber seals v 

A variety of other materials can also 
be used for piston rings in fluid pofter 
systems. The most common is Teflon-. 
These rings are available in a variety of 
styles for specific applications.. 
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O-RING 



CYLINDER BARREL 



Figure 14." Use of Piston 
Rings for Cylinder 
Pistons. 



WIPER RINGS 

Wiper rings are seals designed to prevent foreign matter from entering a 
cylinder. They do not seal against pressure. Figure 15 shows the shape and 
installation 'arrangement of a wiper ring. They /nay be 
made of orass, but synthetic rubber is a more common 
material. 
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SEAL MATERIALS - - ^^S^insta'lution 

Several materials are commonly used as seals in 
hydraulic and pneumatic systems- Natural rubber is 
seldom chosen because it swells and deteriorates with 
tim§ and in the presence of most oris. Metal seals are 
commonly used as piston rings in pumps _and compressors. 

i 

Other common seal ipaterials are discussed below. 

Leather is the oldest material used. ,fkr cylinder packing and still is used 
today. Modern leather seals are impregnated with synthetic rubber compounds to 



Figure 15. Wiper 
Rings. 
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eliminate .problems arising from, its porous nature. Leather seals cannot be used 
at temperatures above 200° F but provide satisfactory service at temperatures as 
low as -60°F. Leather does not accumulate abrasive materials and, therefore, 
will not damage moving metal surfaces. The^continued movement of leather"' 
against the, surface has a polishing effect, which actually improves the surface 
finish. Leather has good lubricating properties and low operating friction and 
rfesists extrusion. It cannot be used with fluids that are either excessively 
acidic or alkaline. 

Buna-N is a synthetic rubber material widely Used for seals in systems 
using oil as a fluid or lubricant. It has an operating temperature range of 
-50°F to 200°F. A similar material, Buna-S, is used with water and synthetic 
fluids. These synthetics ar^we resistant to acidic fluids, as compared to - 
leather; however, they are w^rn more quickly by rough surfaces and, thus, re- 
quire a snipothec finish for moving parts. They are used for 0-rings and V- * 
rings and often include a fabric for extra strength ''in piston cup packings. • 

Viton is another synthetic rubber material that is widely used for hydrau- 
lic seals. Its major advantage is satisfactory operation in a temperature range 
of -20° F to 500° F. \ 

Neoprene is a synthetic rubber material sometimes used for 0-rings and 
.other seals. Its operating temperature rartge is -65°F, to 250°F. 

Silicone rubber has an operating temperature range of -90°F to 450°F but 
has low tear resistance. Because of its susceptibility to damage, it is not 
used for reciprocating seals. Silicone rubber is widely used for rotating 
shaft seals. 

Tetrafluoroethylene (TFE) , commonly known by the tVade name Teflon, is the 
most widely used plastic material for seals in many applications. Its advan- ^ 
tages include extremely low fraction and resistance to chemical breakdown at 
temperatures as high as 700°F. Its major drawback is its tendency to flow \ 
under pressure to form very thin films. This is greatly reduced in some se&l 
materials by including graphite or fibers of glass, metal, or asbestos. Teflon 
is used primarily for piston rings. 

, A variety of other synthetic rubber and plastic compounds are sometimes 
used but none; are as common as those listed above. * 

W' 

* / * 
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SUMMARy ^ . • 

Fluid conditioning and maintenance are essential to the operation t of all 
fluid power systems. In hydraulic systems, the reservoir, is the central ele- 
ment in storage, conditioning, and maintenance of the hydraufic fluid- It re- 
moves waste heat from the fluid, allows particles to settle out and air bubbles 
to escape, and usually contains the filter that x removes smaller particles that 
are carried along wi^ the oil. In pneumatic systems, th.e air tank serves as a" 
container in which most of the water vapor is condensed and removed- Both, types 
of systems require filtration of the working fluid. Pneumatic systems also re- 
quire that a small quantity of oil be added to the air stream to lubricate and 
seal moving parts. Excess heat may be removed from the fluid in either type 
system by the use of heat exchangers, ^ 

On* of the major reasons for conditioning the fluid in fluid power, systems 
is to protect the seals of the system. The most critical seals are the positive 
dynamic seals in moving parts such as pistons, pumps, and £luid motors, A va- 
riety of seal materials and configurations can be used, but proper operation . ~ 
and extended life of all seals depends on the condition of the fluids that are 
in contact with them. 



EXCISES 



1. ' Draw the components of a hydraulic 'fluid reservoir, and describe the con- 

struction*and purpose of each component and feature. ' , 

2. Compare the functioning of the\ reservoir in a hydraulic system and the air 
tank in a pneumatic system forAboth fluid storage and conditioning. , ^ 

3. Explain methods and importance of removing heat energy from the fUrid in 
pneumatic and hydraulic systems. # , * 

4. Explain the functioning of the 'three major types of hydraulic filters and 
.the reasons for thfVelative popularity of each. 

5. List the possible locations for the filter in a hydraul ic "system,' and 
describe the advantages and disadvantages of each. * 

6. Explain the operation of each of the major sections of a pneumatic filter- 
regulator-lubricator unit and the- necessity, of each for proper system 
performance; • / 
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7. Explain the construction and operation of the following seals: 

a. Compression packing 

b. - 0-ring 

c. 4 V-ring ^ 

d. Piston cup packing 

e. Pis>ton rings 

f. Wiper rings 1 * . - 

b. .List the commonly used seal materials and describe the characteristics and 
applications of each. 



'LABORATORY MATERIALS 



Hydraulic reservoir 
Sump strainer 
Suction line filter 



High-pressure line filter 



FR(?unit " 

Various hydraulic and pneumatic cylinders with a variety of seal types and 
materials. 



LABORAT ORY PROCEDURES , 

This laboratory consists of the disassembly, inspection, and reassembly of 
a variety of fluid power components. 

1. Observe the instructor in the disassembly and assembly of the various fluid 
power components. Make notes of procedures and materials used in each com- 
ponent. 

2^ .Disassemble each component using the methods demonstrated and explained by 
the instructor. Make notes or working ; sketches during the process to 
assure -proper reassembly of the component. 

3. Sketch the major parts of the component. Use a separate ;sheet of paper 
for each. , 

Page 22/FL-03 
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5. 
6. 



Examine the component for wear orjiaVage. Record the /Condition of each 
component on the sheet with the drawing. 
Reassemble each component. 

Write a brief report describing each component. Include the materials 
used^in its construction, the purpose of the component, its operating 
characteristics, and any wear or damage. -Also, include any problems or 
difficulties encountered in assembly or disassembly of the component. m 
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iLOSSARY 



Abs orbent filtration : The "removal of particles from hydrau/ic oil by passing 

the oil through an absorbent material that traps the ^Articles within the 

material . 

Ads orbent filtration : The .removal of particles and chbmical compounds frorn^ 
= hydraulic oi 1 by passing the oil through a material that attracts parti- 
cles to its surface and adsorbs some chemicals-. 6 • 

Air tank : A container holding compressed air at the working pressure in a 
pneumatic system. , t 4 r 

* # 

Full -flow filtering : Hydraulic filtering system in which all is filtered 

on each pass, through the system* 

*» t * 

' Hydraulic reservoir : A container holding hydraulic oil at atmospheric pressure 
in a hydraulic power system. , 
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Mechani cal f i 1 trati on : The removal of particles from fiydrajdlic oil by passing 
the oil through a filter with holes that will not allow the particles to 
pass. 



Proportional filtering : Hydraulic filtering system in wtiich only a portioivof 
the^oil is filtered on each pass through the system. - ^ 



i 
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\ • TEST 

Hydraulic reservoirs and pneumatic air ^anks have which of the following 
functions "in common? 

a% ' Removal of contarfiinarrt-s from the wording fluid * r ' 

b. Removal of heat from the working fluid 

'c. Storage of the working "fluid under pressure fo? future application 
XI. Both'a and b ' " - s 

e. All of the above 

Which of the following are characteristics of mechanical' hydraulic filters? 
cu Least expensive type 

* * 

Jb* Least effective type. • * 
* * "\ * t 

c. Most common type 

d. Both a and b 

*• 

e. Both b. and c . - . « 
* • 

f. All of the *abov,e J 
ch of tigs following are. characte'ri sties of mechanical pneumatic filters?. 

Contain absorbent elentents toVemove small . particles 
Used primarily for i ntake 'filters ' 
Ineffective Jn removing water droplets 

d. Both a arvd .b * " c " 

e. * None of the above ^ , 

4J Which seaTmaterials have the Highest operating temperatures? 



3. 



5, 



Baria.-N and leather. 



\ 



b. 1 Buna-S and silicone rubber 



c. " -.Viton and neoprene 

d. * teflon and viton ; , e „ . * , 

e. 'Tetfafluoroethylgne and.Buna-N * • 

' •Which of the following seal types wi VI seal against pressure in either 
/ direction- of- a single seal?* ' *. ■ - * - / 

<Sf 0-ring [ .. * ' 

b\ -V-r.ing • : - 

c. Piston cup packing 
• * * 

d. tfip^en ring ^ ; + 

e& Both a^ancTb w y 

f. ' , All of the above . ^- " 



IERJC ,» 



83 



. /U03/Page' 25 



6. llfficF oft the following statements is.not true of full-flow filtering? 
i^.^^Jt the most common type of filtering in hydraulic systems. 

b. • It be accomplished by either suTnp strainer^or line filteFs. 

■■ c. It filters all the bil each time it passes through th$ system.- , 

d. It is usually accomplished with a mechanicaj filter. 

• * & ' * 

e< None of the above. (All are true.), t 

7. A seal between a piston rod and the end of the cylinder "is classified as 
what type of seal? - * 

a. Positive, static V v " 

b. . Nonpositivp, static , \ 

c. Positive, dynamic * 

d. Nonpositive, dynamic'. 4 * 

e. None of the above - ' 

$8. Which type of seal offers the longest lif6 for h^igh-pressufe hydraulic^ 
cylinders? 

a. 0-£r>g . 

b. Piston cup packing ( 

c. Piston ring * , * , . * 

d. Both a and b r • * # / 

e. -Bpth b and c ' % , % ^ ' " 

9. *Which of the following is not^true statement*- concerning the sizing ofi a 
hydraulic reservoir? ^ 

a. ' It should have* a capacity of at least three times the gallon per 

*minu\e capacity of the' pump, 

b. It should have' a capacity greater than the total volume of oil that 
can drain into it from the system, 

c. It sh'oyld be as small as^ practicable* to accomplish its-funotion to 
Save space. 

• d. It should have a large enough surface area to allow removal of all 
excessive heat from the oil,, 
e. None of the above. (All are true statements.)^ 

• ... . • • . • . 
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Which of the following is £Ot_ a disadvantage of high-pressure line filters 

a^compared to other types of hydraulic filters? 

a\ jteducgjl protection, for 'the fl^mip • ** * 

b. Greater expense for the high-pressure casing v • * 

c. .Reduced filteH*ng ability because smaller ftoles would produce too 
~much pressure loss ' . > . * • 

d. greater likeli'hood of the filter element collapsing than withany 
. x other type . 1 . - o 

e. N6n« of the above. (All are disadvantages of-hlgh-pressure'li'rie 
•.""*• . * * 

filters \\ & , . r ^ 
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ENERGY TECHNOLOGY 

CONSERVATION. AND HJ§E. : , - 



FLUI# POWER 




""^ fcEWTER FOft OCCOPATlONAt. RESEARCH AND DEVELOPMENT 
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INTRODUCTION 



♦ Rumps and compressors provide the fluid power in hydraulic and pneumatic 
power systems. Hydraulic pumps are positive-displacement pumps that provide 
constant liquid flow rates. Air compressors are used in pneumatic systems to 
compress air, from the inlet pressure to the desired pressur.e level. 

This module discusses the construction, types, characieri sties , and 
maintenance of pumps and'eompressors. In the laboratory, the student will 
measure the volumetric efficiency of a hydraulic pump and determine the com- 
pressedvair delivery, rate of^t compressor. 



PREREQUISITES 



The student should have completed Module FL-03, "Fluid Storage, Condi- 
tioning', and Maintenance." . I \ 



OBJECTIVES 



'upon completion of this module, the student should 'be able to: 

1. Oraw'diag^ams of simple positive-displacement. and, notipositive-displace-^ 
ment pumps and explain the operation of each. • " 

2. Compare the operating characteristics of positive-displacement and non- 
positive-displacement liquid pumps and expla.in how. these characteristics 
affect pump appl ka tions. ^ ; : 

3. Explain the following terms: ' „ 

• a.. Slippage • . ' . • _ 

b. - .Volumetric efficiency - ' 

c. Overall pump efficiency ; - 

4: Sketch the components of th.e following hydr.aulic [fcSmps. List .the oper- 
ating characteristics and relative lifetimes of each, 
a. External gear ... 

1 b. Internal gear 4 * . 

a • 
c. Gerotor * . 

. d. Lobe ■ ' * , t * . 

e. Screw , • 
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f. Unbalanced «vane 

g. • Balanced vane " . 

» h. Bent-axis pjstorv ; 
, i. In-li^e arxial piston t * 

j . Radial piston • ' * 

' a 

5. Explain the .characteristics that determine the applications of tne 
following pump* types: / , 

^ a. Gear pumps * 

b. Vane pumps 

c. Piston* pumps • • > 

6. Explain tfie op$ration 4 6f a pressure booster. 

7., Calculate the delivery rate of a compressor at its delivery pressure, 
given tha following: 

a. Free air delivery rate 

b. Del i very, pressure ^^^X 

c. Temperature(of intake air t X 

d. Tempierature -of output^ air\ 1 

8. Explain the importance of coolingVin a multi-stage piston compressor 
and how cooling is accomplished with botti air and water. ^ 

9. Explain, with diagrams, two methods of unloading the output* of recipro- 
cating compressors. * m . 

10. * Explain the operation of positive-displacement and nonpositi ve-disp,lace- 

ment rotary ai r compressors. ' 

11. Explain .the two most coiranon types of damage to hydraulic pumps and the* 

<• • * „ 

most important factor in both pump and compressor jjw^ntenance. 

12. In the laboratory* measure the* volumetric efficiency of a hydraulfc 
pump, the overall efficiency of a hydraulic power System, and the 
delivery rate* of an -air compressor. 
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SUBJECT MATTEL 



THEOM 01 PUMPS 

The heart of every fluid power system is- a device that converts mechan-^ 
ical energy to the energy of a fluid 'flowing under pressure. In hydraulic 
systems, this device is called a pump; in pneumatic systems, it is called a 
compressor. Both pumps and compressors operate according to the same prin- 
ciples. The differences arise from the fact that one uses an incompressible 
liquid and the other uses a compressible .gas. All pumps and compressors can 
be divided jrfto two classes: positive-displacement and nonpositi ve-displace 
ment. /*" v 



.TO HYDRAULIC SYSTEM 



DISCHARGE 
■ LINE 



.roSITIVE-PISPUCEMEVT PUMPS * 

Positive-displacement pumps eject the same volume of fluid into tne 
system for each revolution of the pump drive s'fiaft, regardless of system 
pressure. The sinrtple piston pump in Figure 1 illustrates the principle 
posifr-ve-displacefflent % ^ 

pumps. It consists of • 
a piston that moves 
back and f&rth in a 
cylinderv^nd two theck 
valves (an i-nlet valve 
and a\^cinarge.valve) . 
As the piston moves 
to the left, the dis- 
charge, valve is closed 
because of the high . A 
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Figure 1. Pumpir^ Action off 
Simple PiVton Pump. 



pressure in the dis- 
charge line/, This 
prevents fluid from 
flowinq back into the cylinder from the dischargevline. The vacuum created 
by .the piston motida produces a low pressure in the cylinder. .Atmospheric 
^pressure on the surface of the oil. in the reservoir forces the oil up the 
inlet line, opening the inlet valve and filling the cylinder. 
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When the piston moves to the right, the increased pressure on the 

The fluid 



Thus, for each 



cylinder closes the "inlet valve and 6pens the discharge valve, 
in the cylinder is then forced out through the outlet valve, 
stroke of the* piston, thf same constant volume of fluid iKdelivered by the 
pump. 

Pump .si ippaqe is the leakage of oil .(or other incompress'ble liquid) 
from the. output side of the pump around pump components to the inlet side. 



of the very * 
tn del i very 
ve-displacement 



Slippage is- ver^ small in positive-displacement pumps because 

* 'shrill clearances between moving parts. Thus, large increases 
pressure cause very small decreases in delivery rate., Positi 

' pumps have a deliver^ rate that is almost constant at any pressure. The 
, delivery pressure is determined by the resistance to fluid flow in the high- 
pressure fluid circuit. If the pump outlet is open to the ajtmosphere, the 

^ delivery pressure is atmosphere pressure. If the high-presjsure circuit of 
a hydraulic system is closetf, JNoulii flow is not possible and the pump con- 
tinues to 8 deliver liquid cit the same rate. The pressure increases raRidly 
un'til the pump breaks. Therefore, pressure relief valves, which open at a 
preset pressure, are required to protect the pump. The maximum pressure 
produced in a hydraulic system is determined by the pressure relief vcilve - 
not the pump., , • 

STippage of- positive-displacement liquid pumps is low enough that air 
can be pumped out of>the suction line while liquid is drawn up the line. 

' These pumps are called self-priming because they can begin operation without 
-being filled with liquid. 

-Most air compressors for pneumatic systerts are of the posi^fej ve-displace- 
ment^type: Because the working fluid is compressible, there is no danger of 
a rapid pressure increase. Hpw.ever, if a posifeive-di splacement compressor - 
continues to pump air into a closed container, the pressure will eventually 
increase to the point of causirfgHarhage. In pneumatic o systems , the system 
pressure is limited by a pressure switch, which .turns' the compressor off at 
the desired maximum system pressure. 
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CHARACTERISTICS OF PQSITIVE-VISPLACEVENT LIQUID PUMPS 

The volumetric efficiency of a pump indicates the percent slippage in 
the pump. It is the ratio of the delivery rate at operating pressure to the 
delivery rate if no slippage occurred. TJjus, if 10'* of the oil leaks back 
through the pump, the 

i -co 

volumetric efficiency is 
90%. The volumetric j 
efficiency of a pump in- 
creases at higher deljvery 
pressures and decreases at 
'higher pump speeds. This 
is shown f/Or a particular 
pump in the example per- 
formance curves shown in 
Figure 2. 

The 'overall efficiency 
of a pump is the percentage . 
of the mechanical input * 
power that is converted 
to fluid output power. « 
Some power is always lost 
because of friction and 
fluid turbulence. This 
Uads to s heating of the 
iump and liquid. Figure 
2 also shows hd>w pump — 
efficiency varies with) — 
pump speed at two - 
delivery pressures. 

The 'output flow rate « 



" — > h sceo osi 
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Figure 2. Performance Curves for 6-in 3 
Variable-Displacement Piston Pump. 



of a positive-displacement pump increases proportionately with pump speed. 
At a fixed delivery pressure, the mechanical ioput power must also increase 
proportionately in order to power the pump. Delivery ratfe is influenced 
very little by change in pressure, a^ is shown by the lower 'graph in Figure I 
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Noise is* another important consideration in pump operation. The output . 
of many positive-displacement pumps pulsates and produces noise in the system. 
In pumps that are small and compact, the noise is transmitted through the « 
liquid to other components. .Quiet operation is desirable, and increased, 
noise in a hydraulic system usually indicates pipp wear«or damage. # 



MOMPOSm I/E-PISPLACEAIEWT PUMPS 
jitive-ti: 



\ 



OUTLET 



NtET 




IMPELLER 1 
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Nonpositive-Kisplacement piimps are pumps in whichNthe fluid delivery — r - 
rate Varies with the delivery pressure. Such pumps produce a maximum pres- 
sure with no flow and cannot be damaged by their own pressure. , o . 

Figure 3 shows a simple nonpositive-displ acement pump. The rotating 
impeller causes the liquid to rotate andbe forced outward. by centrifugal 

force. More liquid is drawrtf into the 
s ^ 

. " pump through the center of the impeller. 
These pumps have large component clear- 
ances and high slippage. ,If the output 
port is blocked, tH§ .slippage limits the 
pressure and protects the: pump. The 
maximum pressure possibly with nonpositive- 
displ acement liquid pumps is about 300 psi; 
The large slippage prevents these pumps * 
from removing air fronuthe suction line • 
,and drawing liquid to the^ump v 0 Thps, 
they are not self-priming and must be 
filled with liquid before they can begin operation. Large slippage of .non- 
positive-displ acement pumps also results'in quiet operation and long pump 

life. ' 

Nonpositive-displ acement pumps are not used in hydraulic power systems 
because 'of their low pressures and variable delivery rate. These ^ properties 
make them desirable for fluid transport applications such as water utility; • 
systems and recirculating water systems. Until recently, most air '-compressors 
were of the positive-displacement type, but nonpositive-displacement 'centrif- 
ugal compressors are becoming popular. They are also used in most l^rge^r 
conditioners. » > * ^ 



Figure 3. Centrifugal 
Pump Components. 
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HVVPAULK PIMPS 



DRIVE 
GEAR 



All hydraulic 'pumps , are positive-displacement pumps. Many types are 
used, but all fall into three^major categories:, gear pumps, vane pumps, and 
piston pumps. • * 

-. ' '3 - 

GEAR PUMS 

The external gear puipp (P1gur$ 4) consists of two gears enclpsed i(i a 
G 1 0se -fitting casing, ifne of the gea'rs is driven by a. motor and, in turn, 
drives the.ather geaj^ A vacuum is . , , 

created^as the teet/i unmesh; and oil , 
enters from the reservoir (1). The-' 
oi ] is trapped in the spaces between 
the gear teeth and casing (2) and 
carried to the outlet. As the gear 
teeth mesh on the outlet side, oil is 
forced out of the pressure port (3). 
The outlet pressure against th^teeth/ 
causes heavy side-loading on the 
shafts (4). 

Figure 5 shows, an internal gear 
pump. The inner gear is driven -by a motor and drives the outer ring gear. 
The inner gear has f^r^teeth .th'an the outer gear. A crescent seal sepa- 
rates the twp gears wherejbta teeth do not 'mesh. Oil entering the pump (1) 
is trapped between the ge$r 'teeth and 4 
'the crescent seal (2) and "carried to 
the output. The .teeth of the. two 
gears mesh on the output side of the. 
pump (3), forcing the oil through the 
port (4), * 

Figure 6 is a Gerotor f pump. - N 
The Gerotor element, the powered * y 




Figure 4. External Gear 
Pump Operation. % , 
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GEAR 




CRESCENT 
SEAL 



element*, has one fewer teeth than 
tfie outer gear rotor^ The gear 
teet«h are shaded so there is always 



Figure 5, Internal jGear* 
, * Pump' Operation/ 

XT ^ 
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Figure 6. Operation of Gerotor Pump. 



a seal at the top and bottom of 
the pump. The bottom tooth« of the 
Gerotor element forms a seal with 
the Outer gear rotor as it slides 
across the lower arc of the rotor. 
This f6rces oil through the output 
and draws more oil into the liquid 
Gear pumps are. widely used in 
hydraulic power' appl ications be^ 
cause they are the simplest and 
least expensive type. Disadvantages inclu^ a higher noise level, shorter 
1/fetime, arrd lower volumetric and o-verall efficiencies than other pumps. 
The lower liTet'Tme~r'tT^ of wear on gea~teeth because' of^sl Tding 

contact and on bearings because of side thrusts. Slippage between gear teeth 
and the seals and across the £gces of the gears results in lowered efficien- 
cies. Gear pumps are suitable for hydraulic power systems that operate at 
less than full power most of the' time, and for systems that are used only 
intermittently^ Most mobile hydraul ic systems use Sear pumps. 

Figure 7 shows a' variation of the gear pump, called a lobe pump. Both 
lobes are driven so th^t the surfaces do not ^actually copne in contact. , The 

-characteristics of the lobe [Jump are similar to 
those of the internal gear pump, but the noise 
leve] Js higher. Lobe pumps produce greatfer m - 
output for their size than other jgeeir pumps. * 

Figure "8 shows a screw pump, which is also 
a variation of the gear pump principle. The 
three' hel teal screws are sealed "in a clos^rfi ttifftj 
.casing. The power rotor is, dri v&pf by <a mStor and 
drives the two idler rotors. Oil is ".trapped in 
the spaces between the 'idler te^th and the side 
. waljs of the* casing' and carried from one' end of * 
the pump toJ#e*TJther. The rotors make rolling contact rather than sliding" 
contact (as tn gear pumps),. and there are*rio sidfe thrusts" on^the power shaft. 
lhu$\ screw pumps* lTave r a long, reliable life. They are also among 'the- quiets 
est and most efficient pumps. Screw pumps ctre considerably more expensive* 
than any'lbther plimp/in the gear putoj)' family. 




INLET 



Figur^ 7. Operation 
"of the Lobe Pump. 
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» Balance Cup Rojor Housing Mechanical Seal 

Figure 8'. Nomenclature of a Screw Pump. 

.Figure 9 shows the simplest type of vane pump. It is called *an un- 
balanced .vane pump because the rotor, is offset from the center of' the pump 
cavity'and is subject to side thrusts. The cylindrical rotor has a series 
of varies set in slots, which extend to contact the circular cam ring. The 
vanes may be' extended by 




ROTOR CAM Rl NG SURFACcj 



PUMPING 
CHAMBERS 

SHAFT - 



centrifugal force when the 
pump is in operation, or - 
by springs. The most common 
method is to emploj^Thannels 
that, direct higlvpre-ssure 
oil from the ou,tput to the 
spaces behind the vanes/ 1 
As the vanes extend at the 
tup of, the pump^ cavity^oil^ 
is drawn into the enlarged 
spaces between them through' 
grooves in the sides of the. 

pump bo4y (1). ' After rotating past the top of the v cavity, the vanes are 
forced, back into the rot-or and the oil is forced through the ouflet f (2). 
A side load is exerted on 'bearings because of pressure imbalance (J). 
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41) 




CASTING ' ' VAN£S / 

Figure 9. Vane Pump Operation, 
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A balanced vane pump has an elliptical cavity and a centered circular ^ 
rotor (Figure IQ^. It has two outlets, two inlets, ancl^pumps on both sides 
of the rotor. This reduces side thrust on the rotor shaft^and g'ives quieter 
operation: Because of the lack of side thrust, balanced vane pumps«-can 
operate at higher pressures than unbalanced pumps. 
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Figure JO.- balanced Vane Pump Principle, 

iVanced van$ pdmp can 
entlr of th 



The pumping -rate of an unbal/anced van$ ptfmp can be varied by moving the 
center of the cavity with-respect to the centlr of the rotor. The- more * 
nearly the rotor is centered /in t the cavity., the lower the pumping ra^^be- 
comes. Variable-volume vane pumps 'have a, pressure ring that 'can be moved 
within the pump -casing. Thris can< be -accompl i shed with a manual adjustment 
or with an automatic pressure^eeffip£n<;ator, 'as shown in Figure 11. The 

compensator consists ' 
of a large spring, s 
which applies a force 
to keep the pressure 
ring off center, fyhen 
the delivery pp^Tsure 
increase^, ^the /forte 
applied to the spring 
by .the pressure ring : 



PRESSURE COMPENSATOR 
ADJUSTMENT (TURN 
CLOCKWISE TO INCREASE 
SETTING) • »v. 




— THRUST flCt)CK ^ 
PRESSURE^R(NG 
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MAXIMUM OIS/LACEMENT. 
AOJUSTMENT (TURN « 
CtOCKWJS&TO REOUC& 
MAXIMUM FLOW) ^ 



Figure 11. 
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Variable-Displacement Pressure-* 
Compensated «Vane 5ump> 



^creases, .thereby - 
compressing^ the spring 



-and reducing the' flow rate/ If the output port is completely blocked, the 
pressure ring. becomes centered and no fluW flow .is produced .^This is the 
only type of positive-displacement pump that' has automatic over-pressure 
protection without using a'pressure relief valve. (Other pump types are 
sometimes protect^4J>y pressure relief valves built into the pump cas-in'g.) 

Vane pumos. are generally better in all respects than gear pumps, but 
they are also more ^expensive. They are widely used' where extended life at 
fairly, constant power loads is required and where the pulsating properties 
of gear pumps is objection^ . 

v 

Two tyoes of piston pumps are in common use, employing two different, 
methods of applying drive power to pistons. Figure 12 shows .an axial piston 
pump.. This is called *a bent-axis type because of the angle in^the rotational 
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Figure 12. Axial Piston Pump 
(Bent-Axis -Type) . I 

axis of the pump. 'The* only stationary part of this pump is the b]6ck con- 
taining the infet and outlet ports. As the cylinde? block rotates, openings 
in the cylinders move past the inlet and outlet ports. The pistons recipro- 
cate because of the bend in the pump shaft. At the bottom of the pump, the 
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Figure 13. . Volumetric 
Displacement Changes with 
Offset Angle. ' 



pistons are extended into the cylinders; 
at the top, they are withdrawn. Thus, oil 
fills each cylinder from the inlet port and 
is forced dut into the outlet port. The 
pumping rate depends on the angle between* 
the drive shaft/and the cylinder block 
shaft. The'pumping rate of a berV^axis 
piston purfip can be varied by changing 'the 
angle, as illustrated in Figure 13. 

Figure 14 shows the in-line axial 
piston pump. It has a straight axis and 
moves the pistons by means of a rotating • 
shoe plate at a fixed angle to the pump shaft. Pistons withdraw from the 
bore at .the inlet (1) and are forced back 'in at the outlet (2). The shoe 
plate rides against a stationary priate, called a swash plate. The angle of 

the swash plate can be varied 
to change the pump rate. In 
( 2 ) many such pumps, the swash plate 

will tilt in either direction 
to provide pumping of fluid *in 
either direction in the fluid 
circuit. 

The radial piston 'pump 
illustrated in Figure 15 has a 
circular case and rotor similar 
to a vane pump. % In this case, 
however, the rotor carries 
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Figure 14. In-Line Axial Piston Pump. 



pfstons that Vide against the casing. The rotor is off center in the cashing 
so that each piston reciprocates during each revolution of. the rotor. The 
center of the rotor is a stationary cylinder, called a pintle, which contains 
channels by which oil enters and exits the cylinders ^nd seals the input and - 
output ports -agajnst the moving rotor. The pistons are moved outward during 
the intake stroke by centrifugal force. The 'output of some radial pumps can 
be changed by moving the circular casing with respect to the rotor, as in a 
variable vane pump. Because of their similar construction, vane pump£ and 
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radial piston pumps, cannot be 
operated at speeds as high as « 
other pump types. Radial piston 
pumgs are more susceptible to 
wear than axial piston pumps. m 
Piston^pumps are the most 
expensive and complicated types, 
but they are the best in terms 
of efficiency; quiet operation, 
and service life. These charac- 
teristics are the result of the 

close seals between the pistons and cylinders. Axial piston pumps can be 
operated at speeds up to 5000 rpm, providing the greatest power-to-wei ght 
ratio and the smoothest flow of any pump type. They can tolerate the great- 
est fluid viscosity range -of any pump." They are also the most difficult to 
repair in the field. 



\ N INLET 

REACTION RING 



, Figure' 15. Operation of ^Radial 
Piston Pump. 



SELECTION OF HWRAULIC PUMPS 

'Hydraulic pumps are Elected according to the' characteristics of the 
hydraulic system of which they are a part, maintenance requirements, and the 
cost of the pump. The pressure and flow rates rfequiredVre determined by 
the 'hydraulic actuators -used in the system. The pump is chosen to give 
satisfactory service at the required pressure and flow rate. The type of - 
pump chosen is 'determined by the following characteristics: _ 

• Delivery pressure 

• Seryice life' • 

• Maintenance requirements 

• Dependability „ . • 

• Efficiency 

• Noise lev^k^S] 

• Cost ' • , 

Table 1 lists some of the" typical specifications for the most common . 
types v>f fluid pumps. 
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' TABLE 1. COMPARISON OF VARIOUS PERFORMANCE FACTORS FOR PUMPS. 



> 




Pump 


Pressure 
RS t i ng 
(psl) 


Speed 
Ra 1 1 ng 
(rpm) 


.Overall * 

P f f i r l'pnru 

{") 


\hp/1b 

Rta fin 


Flow v 

Ca nA 

v#apau i y.y 

(gpn>) _ 


^os c 






External- Gear 


200Q- 
3000 


250U 




c 


i i 








Internal Gear 


•500- 
* 200Q 


1200- v 
2500 


70 : 85 


2 










Vane 


1000- • 
2000 


1200- 
1800 


80-95' 


2 


1-80, 


6-30 






Axial Piston 


2000- 
12,000 ' 


1200- ' 
3000 


90 : 98 


4 ~~ 


^ 1-200 


6-50° 






Radial Piston 


3000- 
13,000 


1200- 
1800 


85-95 


3 


1-200 


5-35 
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The pump isr sized according to the necessary flow rate and the speed of 
the mechanical drivfe. Slower drive speedsVequire larger displacement pumps 
for tfte same delivery. v 

j ... 

PU.UP MAINTENANCE ' : * 

% • ^ 

The most cornnon cause^ of pump failure is dirty,- contaminated, or oxidized 

a 

oil. The pump is more likdly to be damaged by rust. and corrosion than any 
other system component. -The most essential factor'.in proper pump maintenance 
is proper fluid maintenance., Higher operating pressures and closer tolerance 
of parts require better fluid maintenance; thus, piston pumps. are most sus- 
ceptible to damage. • 

Pump damage occurs in two ways. Gear and'.vane pumps are most susceptible 
to a long-term degradation as the seals ar.e worn by impurities in the oil. 
JLheir efficiency and outputs generally decrease gradually. # A gradual decrease 
in pump rate of any pump may occur because, of leaking internal' parts. If 
this is suspected, the output flow rate of the pump should be measured under 
opera£i*q pressure and compared to the pump' specifications. 

Piston pumps are more susceptible to sudden seizing .of pump^ components , 
wffi ch^^reaks a component "and ends pumping immediately. This usually occurs 
because of a, breakdown of the lubrt eating oil film between pump parts, caused 
bjr a T^duction of the film strength of the ail or .by rust or corrosion on the 
pump part. This is more likely to occur .at higher pressures and. operating , 
speeds. For this reason, piston pjumps are poor choices for systems ir> which 



a sudden loss of fluid flow could result in large losses/ 
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• Any time a pump fails, is damaged, or is .disassembled, the entire system 
should-be drained of oil and cleaned.- * 

Loud op unusual pump noise indicates a serious problem. The pumD snoula 
be shut down and inspected immediately. Increased pump noise indicates wear 
of puwp parts, starvation of the' pump for oil, or air in the hydraulic f luid. 
As little as^one* percent air bubbles in the oil can cause serious pumc prob- 
lems. The most likely cause of pump nois'e is pump starvation because of 
clogged filters or entrained oil due to a low oil level in the reservoir. 
If checking these does not reveal the problem, the pump should be dismantled 
and inspected. All pump parts must be absolutely clean before reassembly. 

Routine pump maintenance consists of keeping_the pump exterior clean 
and maintaining the system oil in a clean condition. Pumps should be rou- 
tinely inspected- for Jeaks, and attention should be paid to any cnanae in . 
pump sound. * *4 



PRESSURE BOOSTERS 

A pressure booster consists of a large piston with two smallep rod ends 
and a series of valves for automatically reciprocating the piston. Low- 
pressure oil from the system pump drives the large piston. The force produced 
is appyied to the smaller areas of the rod ends to produce an increased pres- 
sure in the cylinders containing the rods. The pressure booster is essen- 
tially a high-pressure fluid pump driven by lower pressure hydraulic fluid. 
They are available with pressure' ratios of 3:1, 5:1, and 7:1 v Pressure m 
boosters are used in a variety of systems to produce high pressure for driving 
actuators with pumps, piping, arfd valves that operate at much lower pressures. 
They are particularly suited for applications in which 'a piston myst extend 
quickly to meet a load and then produce extremely Targe forces with a slower 
extension. A low-pressure pump with~~a higtyflow rate extends the piston 
until it is loaded. Then the pressure booster takes over and produces much 
greater forces. One such application is in mertal pun ches a nd presses. . 
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AIR COMPRESSORS 

In^pneunta'tic systems, air compressors act .in the same capacity as pumps 
in hydraulic systems, Several types of air. compressors may be used. Most 
~cTTe. positive-displacement types; however^-opnpositi ve-displacement compressors 
have become more popular in recent years. * 

COMPRESSOR CAPACiry 

* 

The flow rate of air compressors is. usually specified in terms of the 
free ai r del ivery rate. This is the number of cubic feet of air at standard 
pressure that the compressor will deliver per minute. Standard pressure is 
14.7 psig. The delivery of the compressor at the working pressure must be 
calculated using the universal gas law equation given in Equation 1. 

\ . V 2 = P *V 2 Equation 1 

where: Pi = Atmospheric pressure. • * 

?i - Delivery pressure (absolute). 

Ti = Absolute temperature of intake air (°F + 460°). 

T 2 = Absolute temperature of output air (°F + 460°). 

Vi = Free air delivery rate. 

V 2 * = Delivery rate at working pressure. 

All temperatures and pressures must be expressed in absolute terms in this 
equation. Example r A shows, the use of Equation 1 in solving a problem. 



SAMPLE A/ DELIVERY RATE OF AN AIR COMPRESSOR. 



Given: T~compressor with a free -air delivery of 300 cfm produces a 
I* delivery pressure of 150 psig. 'The input air temperature is 
70°F, and the output air temperature 'is 95°F. 
Find: The delivery rate at 150 psig. * 
Solution: Pi = 14'. 7 psia 

P 2 - 150 psig + 14.7 psi 
? 2 = 164.7 psia , 
Ti ■ 70°F + 460° 
'* Ti = 530°R' (degrees Rankine, absolute) ■ 
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Example A'. Continued. 

T 2 = 95°F + 460 c 
T 2 = 555°F 



Vi = 300 sfm /*• 
V2 " TITT 



(1 4.7 psj&jlM cfm)(555°F) 
= — - (164.7 psia)(530iRj* 



Vi = 28 cfm i 

The compressor delivers 28 cfm of air at 150 psig and 95°F. - | 

Most compressors are rated at a specified dr'ive speed, which may not be 
the actual drive speed in a particular application. If the*del i very rate is 
calculated based on the compressor specifications, the drive speed should be 
checked and a correction made if the compressor is being driven, at a speed 
different from its specification "speed. % 

* 

RECIPROCATING COMPRESSORS - % ' ' 

, Most air compressors are the .reciprocating typja shown in Figure 17.. 
This compressor operates as a positive-displacement piston pump. The- cylin- 
ders of this model are equipped with large fins for air cool ingA Larger 
models are often water-cooled. Compressors may have a single compression 
stage or .multiple stages (up to four). The compressor shown in Figure 17 is 
a two-stage compressor - the most common type. In multi-stage compressors, 
the output from one cylinder is the input for the next. Since air pressure 
is greater in 'each successive stage, each piston has a smaller diameter to. 
produce an equal load on the crankshaft. l-The air travels from one stage to 
the next through i ntercool ers : These are finned tubes that dissipate sonfe 
of the heat of compression beforeVthe^ next compression stage, resulting \f\ 
more effici^ compressor operation.- The flywheel carries a fan that forces 
cooling air across the intercooTers. ' Water-cooled compressors use water 
cooling for both the compressor ^heads and "i ntercool ers. Table 2 lists the 
pressure .capacities of single and multi-stage piston air compressors. 
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IMPROVED HEAD DESIGN 
CASTINGSv \ 

CYLINDERS 



PISTONS N 
WRIST PINS 



COMBINATION ' 
FICTER-SILENCER 




MULTIPLE VALVES 



IMPROVED 
INTERCOOLERS 



WRIST PIN 
BEARINGS 



CENTRIFUGAL 
UNLOADER 




CONNECTING 
RODS 



OIL GAGE AND FILLER 

LUBRICATION SYSTEM 



MAIN BEARINGS 



CRANKSHAFT ^RANKCASE 



Figure 17. Design Features of a Piston-Type Compressor. 

TABLE 2. PRESSURE CAPACITY OF RECIPROCATING 
PISTON AIR COMPRESSORS. 



NumbeY of Stages 


Pressure Capacity (psig) 


1 


150 


✓* 2 • 


500 


3 


2500 , 


4 • 


5000 



Piston compressors cannot start operation against a high ^pressure. The 
compressor must be brought up to d spefed before its output is connected to the 
high-pressure tank. Figure 18 shows a common method of accomplishing this. 
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MOTOR LEA OS 

PRESSURE SWITCH 
AIR INLET 



COMhESSOR 

CYLINOER 
(Compressor 
Not Running) 




•DIAPHRAM 
LEVER 



Figure 18. Pressure Switch-Type 
Unloader Control . 



The^compressor output is connected 
to the receiver through a check 
valve, and* a pressure-operated 
release valve. The pressure 
release valve also operates the 
compressor motor/ control. When 
the pressure in the tank reaches 
the selected value, the pressure ' 
switch turns the motor off and 
opens the release valve. 'This 
releases the high-pressure air 
trapped between the compressor 

and tank. The check valve prevents high-pressure air from- leaving the tank. 
When the- pressure in the tank drops bel.ow another preset value, the pressure 
switch closes the. relief valve and turns the motor on. ^ 
'.' . Figure ^19 shows the centrifugal unloader used on most newer compressors, 
This'unloader is'an integral part of the compressor and is more dependable 
than fche pressure switch. With the compressor stopped, the counterweights 
'of the centrifugal device are held in a position near the shaft by springs. 
This holds the bal.1 valve open and maintains atmospheric pressure at- the 
compressor output. The compresspr must approach \ts operating speed before 
centrifugal force overcomes the spring force to swing the counterweights 
away (rom the shaft and close the ball valve. 



N 



8ALL CHECK VALVE v 
PIN OPERATED \ 

RELEASE 
VALVE 
CHECK 
VALVE 

* \ 



AIR INTAKE 



-CENTRIFUGAL COUNTER- 
^WEIGHTS ON LEVER ARM 




COMPRESSOR 
CYLINOER 
(Compressor 
Not Running 
Unloaded 
Position) 



CRANKSHAFT . 
(Lever Operated Pip* 
COMPRESSOR RUNNING 
LOADED POSITION # 
OPEN TO SHOWN DOTTED 
ATMOSPHERE ^ ' 



Figure 19: Centrifugal -Type Unloader Controk 

1 nc; 
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ROTARY COMPRESSORS . . ' 

CD * 4 . 

Several types of rotary compressors* have become popular in recent years. 
These include both positi ve-displacjejneat and jionDO'siti ve-di splacement types. 
The >positi ve-di splacement types include "vane and lobe compressors similar in ' 
construction to liquid pump\types. Vane compressors usually consist.of two 
vane 'stages in series. Screw r qojnpre$sors .operate like screw pumps but employ^ 
two power-driven Screws instead of'a driven shaft with two idlers, 
i Figure 20 shows^ a centrifugal compressor of the nonpositi ve-di splacemeht 
type. This compressor consists of four centrifugal impellers in* series. 




v 



Inlet 



Outlet 



Figure 20; Cutaway View of a ,Cer>tri f ugal 

Ai r Compressor. . ^ 

Atmospheric pressure air enters openings in the center of the first impeller. 
Centrifugal force moves it out through smaller openings fn the edge of the 
impeller, increasing its pressure. This process is repeatedjn the'other 
compressor stages.' Axial flow centrifugal compressors operate in a similar 
manner, but employ la single rotating element with several stages of Vangs 
that rotate past fixed vanes in the casing. , • 

Rotary compressors are 'capable of providing large air volumes at pres- 
sures up to at^out 150 -psig. < . 
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COMPRESSOR MAINTENANCE . 

Each compressor type has specific maintenance- requirements, but -the most 
. important factors'in each are the maintenance of clean input air with properly 
; sized, installed, and maintained intake filters and the maintenance, of the 
» compressor lubricating off in a clean stftte at- the proper level. As with 
v Pijmps, excessive or ungsual no>se indicates problems. ' 

VACUUM PUMPS - P 

Many pneumatic applications employ vacuums for holding against atmospheri 
pressure. •'Vacuurt. pumps, employed in these applications are similar to compres- 
soVs in construction. v The vacuum pump iptake is connected to the vacuum tank 
and the output is, open to the atmosphere. Most vacuum pumps are of the vane 
type, but piston pumps and Several other types pf rotary compressors are # fcV$o, 
used. ' ■ 

■ SUMMARY 

^ * . ^ 

Pumps ( and compressors provide the input pdtoer .in hydraulic and pneumatic 
power systems. ' Most are of tne.^si tive-displacement type, providing a con- 
kan't volumetric displacement with each rotation-of the power s'ha-ft. The 
most common and least expensive liquid pump type is the gear pump. Rotary^" 
'piston pumps are the^npst expensive and efficient "1 i'qujd pumps. Vane pump 
characteristics fall between those of. screw and piston .pfimps. 

Most air compressors are' of the'reciprocating piston type; These are 
SjailatrTe in. multi-stage models that can^produce pressures up to 5000 psig. 
Rotary compressors of both positive-displacement and nonpositiverdisplacement 
types have become more^popular in recent years. . . 

In all fluid power: pumps and compressor?, tbe most important maintenance 
factors are the cleanliness of. the fluid pumped and' adequate 'lubrication. 
Excessive^or .unusual noise is'usually the first s*ign of malfunction. 
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EXERCISES _L_ 

> 

1. Explain the* advantages and disadvantages of positive-displacement pumps 
and nonpositive-displacement pumps in hydraulic power systems. 

2. £xplain slippage and volumetric efficiency and how these vary with 
delivery pressure in the following pump types:' > , 

a. Centrifugal .pumps 
b'. Gear pumps - ** 
c* Vane pumps 1 
(i. Piston pumps- 

3. Explain the effects* of pump vibration and noise on the hydraulic power 
system^and how pump noise is use-d as an indication of pump ^oncfi tion. 

4. -Choose a major hydraulic pump .type for each of the^following applica- 
tions and explain each choice: 

a. , A large industrial - bydyaul ic system wf 11 not be greatly affected - 

, by pump noise. The fluid condition of the system is llVely to be 
poor,* and the sudden loss of power will' result in damage to the 
product being*manufactured. * \ 

b. A hydraulic pump for aircraft application must provide a smooth 
delivery at high pressure. Fluid maintenance in the system is 
excel 1 ent*. * 

. c. An industrial processing machine requires fluid flow at variable 
rates. A small amount of pulsation is acceptable. * Fluid mainte- 
• nance will be good, and it is desirable that sudden, pump failure, 
be avoided. , ^ 

Compare the operating efficiencies, available delivery rates, and 
maximum operating pressure's of the following pump types: 

a. Internal gear * ^ 

b. External gear - 1 

c. V^rie ' * 

d. Radial piston ^ 

e. Axial piston - £?X 
. ***** ^ 

Explain the construction and'operation of pressure switch and centrifugal 

unloaders for reciprocating air compressors. 

Determine tf)e deliver]^ rate of Compressor at a pressure of J75 psig^ 

if the free air capacity is 250 cfm, the input temperature is 85°F, and 
the output temperature is 100°F. 
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/ .'■ 

Explain what type- of compressor is likely to be chosen for the following/ 
applications and why: 

a. Pressures exceeding 200 psig • « . 

b\ ' Large delivery. ratesvat pressures 'below 150 psig . 



State and explain the njos^t^iportajj^Tactor in pump and compressor 
Maintenance. • . * " • ' 



LABORATORY MATERIALS 



\~ " . . • ; • . 

Electrical wattmeter 

Hydraulic power unit with 'pressure gauge 

Hydraulic fluid flowmeter 

Pressure relief valve 

* 

Directional control valve 

Double-acting hydraulic cylinder arranged to move a load vertically 
Load of known weight , 

One gallon container ' 

Connecting hydraulic^ hoses 

One hose with an open end ^ * ' 

English scale ' . > 

Stopwatch ' 

Ai r compressor , 

Tachometer (optional) 



LABORATORY PROCEDURES 



- '.' • LABORATORY 1. VOLUMETRIC EFFICIENCY OF A HYDRAULIC PUMP. x. 

1. Connect the following seri.es of hydraulic components^ on the work surface:- 
power unit outpi0 pressure relief valve, directional control valve,.. 

y hose with open end. Place the open end of the hose in a hydraulic fluid 
drain. (Note: Pump must be. protected' with a pressure relief valve in 
the hydraulic power unit.)' 1 ■ t ' , *•' 

2. Turn on the hydraulic power unit and operate the DCV to assure proper >. 
operation. Be sure v 'lios^ remains. in drain. ' 
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3. Set the. pressure relief valve^o the lowest specified pressure. This 
must be done with" fluid flowing through the output hose. s - 

4. Check the oil level hi the reservoir to ensure oil level does not drop 
below the minimum safe level during the experiment. ^ * 

5. Use this s'ystem and the stopwatch and container to measure the time 

• t * 

* required for fhe pump to deliver one gallon of oil. 

6. Calculate the flow rate in gallons per minute and record in Data Table 1* 
Also record the delivery pressure. ^/ 

7. Repeat thts procedure at the pressures specified'by the instructor. 

8. Remove the pressure relief valve froni the system and determine the flow 

rate for delivery at atmospheric pressure (0 psig). Record this flow 
rate in the last line of Data Table 1. 

9. Determine the volumetric efficienfcx^^ at eac h pressure by dividing 
earch flow rate at that pressure by the flow rate at atmospheric pressure 
and multiplying by 100. ' 

10. Plot volumetric efficiency versus flow rate on a sheet of paper and 
explain the resulting curve. 



LABORATORY 2. OVERALL EFFICIENCY OF -A HWRAULK SYSTEM. ^ 

V. Connect the electrical input of the motor of the hydraulic power unit 
to a wattmeter. Have the instructor check connections if this instru- 
ment is not familiar. , ' 

2. Construct the circuit, from the Laboratory section of Module FL-02, 

# "Fluid Properties, and Characteristics," for the operation of a double- 
acting hydraulic cylinder. Include the flowmeter in the circuit. Mount' 
cylinder . to lift a known weight. This may be accomplished by supporting 
'the cylinder from an .overhead s.ypport or by bolting a flat rpetal plate 
to each end for Lifting a weight placed on the upper plate- • . 

3. Operate the circuit with the weight .in place to assure proper operation, 

4. .Measure and record the following' in Data Table 2: . . 

a/ Electrical input power during lifting 

b. Delivery pressure 

C. Flow rate , 

4 d. Extension distance 
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e. Extension time . • 

f. Weight lifted 

5. Determine the fluid power delivered by the pump by multiplying the 

- * delivery pressure .times the flow rate in in- 3 /min (1 gallon = 231 in 3 ). 
. Convert the power to ft'lb/sec" and enter in Data Table 2. 

6. ■ Determine the output mechanical power by multiplying the weight of the 

load times the extension distance in feet and dividing by the extension 
.time in seconds. » 

7. Convert the electrical inpuTpower to ft* lb/ sec (1 hp = 746 W) (1 hp = 

550 ft*lb/sec). ■ * 

8. ° Determine the eff ici ency- of the motor and pump. using the electrical input 

power and the calculated fluid-power. 

9. Using the electrical input power and the mechanical output power, deter- 
rnfnd the total system efficiency. 

10. Discuss the two efficiencies. Is either the efficiency of the pump? 

LABORATORY 3. COMPRESSOR CAPACITY. 

T. Determine the rated capacity of the compressor from the compressor data 
platie. In most cases, this will be stated in cfm at a certain drive 
rate (rpm).< For some compressors, the bore and stroke may be-given. 
In these cases, calculate the volume per revolution in cubic feet. 
Record the rated delivery in cubic feet per revolution and the method 
' by which it was determined- in Data Table 3. 
Determine the* rotational" rate of the compressor drive. The most accu- 
rate way to accomplish this is to operate 'the compressor and measure 
the rotational rate of the flywheel with a tachometer. If a tachometer 
is not available, read the speed of the compressor drive motor from its 
specification plate and measure the diameters of the motor pulley and 
compressor pulley. Using this data, calculate the compressor rotational 
rate in rpm. Record the rotational rate and the method by which it was 
determined in Data Table 3. 

Multiply the rated delivery in cubic feet per revolution by the operate 
ing'speed in r$m to determine the delivery^ate in cfm. Record this in 
*v Data-Table 3. ■ , .* ' • 
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4. Determine the delivery of the compressor at the working pressure, as 
illustrated in Example A.. Use the room temperature as the input tern- 
perature and assume temperature rises of 20°F and 40°F. Calculate the 
delivery rate for each of these temperature rises and explain how this 
illustrates the value of water coolers in the compressor oytlet line and 
intercoolers in multi-stage compressors. 



DATA TABLES 



DATA TABLE 1. VOLUMETRIC EFFICIENCY OF A HYDRAULIC PUMP-. 



. Delivery Pressure 
•(psig) 


Flow Rate 
(gal/min) 


Volumetric Efficiency 
























— — V 








Atmospheric 







s 



DATA TABLED. OVERALL EFFICIENCY OF A HYDRAULIC SYSTEM, 



Input electrical power in watts 

Delivery pressure 

Flow rate 

Weight lifted 



Extension distance 
Extension time 



Electrical input power in ft*lb/sec 
Fluidjtoower from, pump 



Output mechanical power _ 
Motor and pumpuej-f iciency 
System efficiency 
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Data Table* 2. Continued. 



r 



Discussion: 



DATA TABLE 3. COMPRESSOR CAPACITY, 
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GLOSSARY .. " 

Free ai r delivery : The delivery rate of an air compressor in cubic feet per 
minute at atmospheric pressure'. . 

Nonpositive-displacement pump : A pump whose delivery rate drops as the — " 
. delivery pressure increases. 

Overall pump efficiency : The percentage of the mechanical input power to 
the pump that appears as fluidat output pOwer. ^ , 

Positive-displacement pump : A pump that delivers the same volume of fluid 
to the pump outlet for each rotation of the drive shaft at all delivery 
pressures. 

Slippage : The flow of oil from the output side of a pump back to the input 
side through' clearance spaces between pump 'components . 

Volumetric efficiency : The ratio of the delivery rate at operating pressure 
to 'the delivery rate if no pump slippage occurred; equal to 100°. - the 
percent si ippage.\ ' 



ft 
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TEST 



1. Nonpositi ve-displacement liquid pumps ... 

a. have -only limited application in fluid power systems.' 

b. provide an almpst constant flow rate within their rated pressure 
range. 

c. require a pressure relief valve for safe operation. ^ 

d. have high volumetric efficiencies. 

e. -None of the above are true. , 

2. Which hydraulic pump type has the best operating characteristics? 

a. Piston ^ 

b. - Van6 

c. Gear 

d. Lobe \^ 

e. Centrifugal . 

3. Variable-volume hydraulic pumps include which of the following types? 

a. Balanced vane . . 

b. / Internal gear 

c. Axial pisfbn 

d. Bothjc and.d 

e. Only a, c, and d , 

4., Which of the following hydraulic pumps requires no pressure relief 

valve for pjump protection? - ' 

•a. ,f Adjustable axial piston pftmp . . 

jb. -Variable internal gear pump 4 . * 1 ' 

c. Pressure-Compensated^ unbalanced vane pump 

d. Pressure-compensated balanced vane pump * , 

' e. Both -a and c ; v ; ' v t c'\ 

f . Both t and d ' 

5, ' Gear pumpjf are popular for many industrial applications because- ... 
a. they are inexpensive... \ . w 

* b. they have a relatively long operating life. 

c. • they are least likely to be damaged by contaminated fluid. 
■ d. they maintaih their delivery rate throughout 'their, useful life. 

e. Both a and c are true. 

* f. Both a and d are true. ' 

. .A 
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6. * Axial piston ^umps are the only acceptable hydraulic pump type for 

applications which require 

a. quiet operation. 

b. high-pressure operation. ^ 

c. large capaCi ty • f low. 

d. high-speed operation. 

e. Either a or d is true." 

7. Vane pump characteristics include ... 

a. higher pressure operation than gear pumps. 

b. maximum available flow rates about the same as gear pumps, 
.c. maximum available flow rates about the same as piston pumps. 

d. operating efficiencies as high as many piston frumps 

e. Both a and d are true. / y 

f. None of the above are true. * 

a * 

8. The free air capacity of a compressor is 500 cfm. The output air tem- 
perature is "90° F ? and the input air temperature is 65°F. The output 
pressure is 150 ps>g. ■ The delivery rate at the output pressure is ... 

• a. 500 c,fm. 

b. 35:38 cfm. 

c. 32.23 cfm. 

d. 46.75 cfm. 9 * 

e. 59.02 cfm. 

9. Which of the following are true of rotary centrifugal compressors? 

a. They are used primarily for^appl ications requiring fairly constant 
delivery of air at relatively low pressures. / 1 

b. They require an unloading device for beginning compressor operation. 

c. They may.be used for high-pressure applications by increasing the 
number of compressor stages, 

9 d. Both a and c are true! 

Is. * All of the above are true." . * A 

f. None of the above are true- L 1 

10. The most important factor in both pump and compressor maintenance is ... 

a. keeping the casings and surroundings free from oil and dirt. 

b. maintaining the operating fluid at the proper temperature. 
cl maintaining the fluid in a clean condition. < 
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cL listening for unusual noises-' ^ 
e., All.- are equally impoi$apt/ \ 




INTRODUCTION 



Actuators and fluid motors <arq the fluid power components that convert 

* the. power of^the working fluid moving under pressure to mechanical power far' 
application to 1 do useful work.' The most common type of actuator is tneMine&r 
"motion cylinder. This module di^usses the construction, materials used, 

^application, and maintenance of hydraulic and pneumatic cylinders. Several 
^special* cylinder types are presented. Rotary actuators are those that provide 
limited -rotational motion in fluid power systems. The basic construction and 
appl ication of these actuators are also discussed. ' r ^ 

* . Fluid* motors provide continuous rotational motion: They are similar in 
construction and characteristics to fluid pumps. The discussion incfudes the 
characteristics of all types of fluyl motors commonly used in pneumatic and 
hydraulic systems. ' , f 

In the la^ratory, the student wi 1 l Vv oparate hydraulic and pneumatic fluid 
; motors and observe their operating characteristics. 



PREREQUISITES 



The student should have completed Module FL-04, "Pumps and Compressors." 



■ ' ' OBJECTIVES 
1 : " ' 



■ Upon' completion of this module, the student should be able to: 

1. State the materials commonly us§d for thp-cylinder tjube, cylinder covers, 
piston, and* rod in hydraulic arid pneumatic cylinders. - ^ 

2. Explain the»applicatidns and characteristics of the /oil owing, methods of 
attaching ; the/fcylinder covers. of* a hydraulic cylinder^- 

a. Tapped cylinder < * * 

b. ' Tie rod 

c. Tube ring '/ * 

> 

d. Threaded tubs ' • - 

3. ♦ Explain, with the use of diagrams - , tne operation of a cylinder cushion. 
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,4. Given the diameter of the piston, the diameter of the rod, the fluid flow 
rate, and the mechanical load of a double-acting hydraulic cylinder, cal- 
culate the following: - 

a. Hydraulic pressure during extension 

b. ^Wston velocity during extension ' % 

c. Cylinder power during extension 

d. Hydraulic pressure during retraction^ 

e* Piston velocity during retraction * w 

f. v Cylinder power during retraction 

5. Explain why air cylinders are usually larger than hydraulic cylinders for 

producing the same forces. . ^ * 

h 

6. Sketch diagrams and explain the operation of the^fol lowing actuators: 

a. Tandem cyl inders 

b. Duplex cyl inders 

c. Double-rod cylinder 

d. Telescopic cylinders 
e Ram 

f . Rotating cyl inder 7 
' g. Vane rotary actuators 

h. Rack and pinion rotary actuators 

i. Helical rod rotary actuator , 

7. List and explain six common causes of actuator failure. 
8* Explain the procedures necessary in the inspection and repair of a damaged 

cyl inder. 

9. * Compare the pperating characteristics of the following types of hydraulic 
- motors: 
, a. Gear 
% b. Vane *' 

c. Axial , piston 

d. Radial % piston 

10- Compare the operation of air motors and hydraul ic motors / ' 
11. Construct fluid power circuits for the operation of hydraulic and pneu- 
matic fluid motors and compare the characteristics of the two types. 
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SUBJECT MATTER 



FLUW POWER ACTUATORS * 



Fluid actuators , the muscles of the' fluid power sj|^em, convert the power 
of flowing, pressurized fluid to' the power of mechanical- motion. The motion 
prodded may be eitner linear or. .rotary.. The' most common fluid actuator^s 
the. linear motion cylinder. In single-acting cylinders, the pistoo is forced'^ 
through the extension stroke by 'fluid pressure and returns by spring action or 
gravity. Spring return cylinders may have an external spring or anja-ternal 
spring around the piston rod. In^double-acting cylinders, both the extension 
and retraction strokes are produced by the application of fl.uid. pressure. A 
variety of cylinder types and sizes, are used in both hydraulic and pneumatic 
power systems. "v - 

COUSTWICTWM OF HYDRAULIC CVLIHVERS , \ 

'The cylinder tube of most hydraulic cylinders is made of steel dnd is 
usually chrome plated to resist wear and rust. The tubes of low-pressure" cyl - 
inders are made of castHron, bronze, brass, or aluminum. The pistonl is 
made' of cast - iron or steel. ' The piston rod is chrome-plated steel, fjhe "ends- 
of the cylinder are calMed cylinder covers and may be made, from high-tensile 

. cast iron,', steel' bar stock, or cast of forged steel. The. cylinder Rovers con- 
tain the inlet and outlet ports and cylinder cushion .valves , if applicable. 
The rod-end cover also contains the piston. rod seal. 

The cylinder tube and covers can be connected' by several means, depending 
on the cylinder, pressure and application'. Figure 1 shows four methods of fcpn- 

.necting and sealing cylinder covers. In Figure la, the ends of the cylinder 
tube contain holes "tapped for machine screws. The screws extend through holes 
in the cover to hold it in place. The seal is an 0-ring in a groove in the \ 
-cylinder cover. ,This method As used primarily on shorter cylinders as the pro- 
cess of drilling and tapping holes in the ends of long cylinders is difficult 
and expensive. #ne disadvantage of this method is that a screw may break off .1i 
the cylinder tube, causing a delay in repairs. 

Figure lb shows the use of tie rod's in cylinder construction. The tie 
rods are steel rods that extend from one cover to the other: The seal is a com 
pression fitting in a slot in the cylinder cover. Pressure is applied to the 
seal by the tension on. the tie rods.- This a'popular methoct,of cylinder - 
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COVER 



a^»Cy!k»der Tube with Tapped 
Holes for Machine Screws 



TUB? RING 



CYUND&R TUBS 
b.. Tie Rod '.Construct ion 



TUBE RING 

jL COVER BOLT 



COVER 
-K BOLT 



v Nj ^GASKET CYLINDER 



COVER 



ruBE 




cylinoer 
/tube 



c. Tube Ring of Standard 
Heavy-duty Cylinder 



RING 
COVER 

d. Yube Ring with O-ring 
Seal for High Pressure 



Figure 1. Methods of Mounting Cylinder Covers. 



construction because i 
is the simplest and 
least expensive^to man- 
ufacture. - Tie rods 
cannot be used on -long, • 
, high-pressure cylinders 
because they w^l 
stretch slightly,, re-> 
suiting in a poor seaK 

Figure 1c shows 
the standard tube ring 
construction' -used* in # * 
most heavy-duty.mil 1 - 
type cylinders. A/ing 
is weluea to tne end of the cylinder tube, and holes are aril led in to match 
.holes in the cylinder cover. The seal* is a compression packing Jasin tie rod 
cylinders. Figure'ld is a tube ring connection for a high-pres/ure cylinder^ 

O-ring provides a seal, and the contact betv/een the tube ring and cover 
reduces the changes, of distortion of the end of the cylinder tube by over- 
tightening the bolts. . " •/ 

In some smaller cylinders for use at low pressures, the cylinder cove>* and 
tube are threaded and simply screw .together . An O-ring seal is usual ly T used in 
this cylinder type. ^ > 

f In many hydraulic cylinders, the 'impact of the piston on the cylinder cover 
at .full operating speed would damage tl^e cover. Therefore, piston cushions a>e * 
used tO'Slow the piston at the end of its travel. The piston/cushion consists 
of a tapered extension of the piston rod thajt enters the outl export of the 
^cylinder coyer, as shown in Figure 2. Exhaust oil passes freely eat of £he 
cylinder (1) ur^til the plunger enters the*cushion cup [21, The piston iVllowed 
initially by restricted oil flow around the tapered por^on of the plunger^3). 
When the main exhaust port is completely closed, oil must flow out *of the ; cyl>.* 
inder through a smal ler opening (4), which can be adjusted to control the rate # 
,of deceleration. This produces a back .pressure on the pistos and slows it fur- 
* t"her<* When oil* enters this end of the cylinder, a\ball check^valve, open's to 
'allow f v ree flow .of oil to the piston for quick extension (5). 
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Figure 3 snows the construction de 
tails of a typical double-acting hydraulic; 
cylinder with cushions for both the exten- 
sion and^retraction strokes. Piston and 
trod seals, rod bushing, -and wiper rings are 
also shown.^ It -is important that the cyl- 
inder ports be large enough that they do 
not restrict fluid flow and slow the oper- 
ation of the *qyl inder. This is particu- 
larly important in double-acting cylinders 
with a fast retraction stroke and a large 
diameter rod. In such cylinders, the vol- 
ume flow rate out of the cylinder may be 
more thafi twice the flow rate into the 
cylinder. 




(4) 



Figure 2. Operation of 
Cylinder Cushions. 



WITH RA< KIT '.VA 
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4 WRENCH FIATS 
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Figure 3. Double-Acting -Cylinder Design. 
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'CYLINDER OPERATING CHARACTERISTICS 



The operating speed of a cylinder is determined by the oil delivery rate 
to the cylinder and the area of the piston. In double-acting cylinders, the 
retraction stroke is faster because the rod occupies some of the cylinder vol- 
ume. For calculations of speed and force, the rod area is subtracted from^the 
piston area, 



Since the maximum force produced by a cylinder is dependent on 

7 



the effective area on which the pressurized, fluid acts, 'double-acting cylinders 
have a lower maximum force on retraction than on extension. The pressure in a 
cylinder during extension a'nd retraction is not the maximum system pressure;- 
this is determined by, the mechanical load of the cylinder and its effective 
area. * - ■ 

1 Example A illustrates calculations of cylinder operating characteristics. i 



EXAMPLE A; CALCULATION OF CYLINDER OPERATING CHARACTERISTICS. 



Gi ven: 



Find: 



Solution: 



A double-acting hydraulic cylinder 2 inches in diameter has an 

applied load of 2000 lb for both extension and retraction. The 

piston rod diameter is 1 inch and the pump supplies oil at 10 
gallons per minute. 

(a) Hydraulic pressure during extension stroke, (b) piston velocity 
during extension, (c) cylinder power during extension, (d) hydrau- 
lic pressure during retraction stroke, (e) piston 'velocity during 
retraction, and (f) cyjjjider power during retraction*. ( 



A 



V 



~ (2 in) 2 
4 



Piston area 

p 

= 3.14 in 2 

_ it (1 in) 2 - 
4 

, - 0.79 in 2 
Piston area - rod area: Ap 



Rod area: 



N 



- A.. 



(3.14 in 2 
•2.35 in 2 



0.79 in 2 ) 
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Example A. Continued. 



(a) Pressure 



Force 
Area 



n / 24)00 lb 
p " 3.14 .in 2 



p = '637 psi 



(b) Velocity 



v = 



F1o A w rate (1 gal = 231 in 3 ) 
Area* 

t^ n -i / • \ / 23 1 in 3 w 1 >nin \ 
ifiO ga1/«mn)(- r ^ r )( 5 Q li ^)^ 

3.14 in J 

77 in 3 /-sec 
3.14 in^ 

(•24.5 i-n/s-ec)(^4i) 
2.04 ft/sec . 



(c) Power = Force x Velocity (1 hp 
P = (2000/lb)(2.04 ft/sec) 

1 hp 



500 ft-lb/sec) 



= (4080 ft- 1b/sec)( 550 ft r 1 b/sec ) 
P = 7.42 hp 



or 



Power = Pressure x. Flow rate 
P = (637 lb/in*)(77 in 3 /sec) 

= (49,049 in-lb/sec)(l ft/12 in) 

*■ (4087 ft-lt/sec) 
P = 7.43 hp (slight difference is due to round off) 



(d) P ■ t 



P 



_ 2000 lb 
" 2.35 in 2 

= 851 psi 
A 

_ , 77 in 3 /sec u 1 ft % 
" * 2.35 in M 12 in ; 



v = 2.75 ft/sec 
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Example A. Continued.. 



'(f) P = FxV. 
/ = (2000 lb) (2.75 ft/sec)( 55Q 1 ft h P b/se - c ) 
P = 10 hp 

The retraction stoke has a higher ,vel oci ty than the extension 



stroke and a higher power since- the load is the same and is moving 
faster. 



CONSTRUCTION OF AIR CYLINDERS * - h 

c ♦ 

* ^Ajr^cyl i riders are similar in construction to hydraulic cylinders. However : 
since most air cylinders operate at pressures of around 190 psig, they-are not 
constructed as heavily as hydraulic cylinders-. Most are made of aluminum or 
other nonferrous metals to reduce weight and withstand the corrosive properties 
of air. Seal^s are designed to withstand the damaging properties of air but v 
need not contain the high pressures of most hydraulic cylinders. Air pistons 
for the application of large forced must have large areas because of the rela- 
tively low operating pressures. They are available in diameters up to 30 
inches* - * 9 ■ * ( 



MOUNTING AM) APPLICATION OF CYLINDERS 

Both hydraulic and pneumatic cylinders are available with a variety of 
cylinder mountings. Figure 4 illustrates the more common types of cylinder 
mounts. In most cases, the rod is threaded, but other types of rod connections 
are" available, One of the major causes of cylinder damage is side thrust on 
the piston due to misalignment of the mounts. This can be eliminated by mount- 
ing each end of th6 cylinder in a unive^al mount. 

The choice of a cylinder for a particular application depends- on several 
factors. Obviously, the cylinder must be able to withstand the maximum system 
pressure and must have the appropriate diamsrter and Stroke 'for the application. 
It should also be selected with seals and finished that are compatible with 
the expected fluid conditions. If t the cylinde'r 1 is to be used only occasionally 
or at reduced^load, a light-duty, less expensive model may serve the purpose. 
For frequent operation at full load or for extended service life, heavy-duty 
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* cylinders should be chosen. In many 
systems, the down time resulting from 
component failure is extremely import 
tant. Cylinders in such systems should 
be chosen for dependability, ease of 
servicing, and availability of replace- 
ment parts. In applications where the 
extended piston rod is subject to dust, 
dirt, or other contamination, it should 
be protected by a rod boot (Figure 5). 

SPECIAL CYLINDER TVPES 

Several special cylinder types have 
been* developed for some applications and 
conditions. The tandem cylinder (Figure 6) 
is used when space limitations prevent the 
use of a single cylinder large enough to pro- 
duce the necessary force. It consists of two 
cylinders and pistons with one common rod and 
produces twice the force of a single piston. 
Tandem cylinders are used in both hydraulie 
and pneumatic systems, but air 'cyl indfers are 
more common because of the, large areas nec- 
essary to produce large forces with lower 
pressure pneumatic systems. 

Figure 7 shows -a duplex cylinder , 
which is actually two separat^cyljn^rs 
mounted in line with concentric but sep- 
- arate rods. Either cylinder can be actu- 
ated separately. 

Figure 8 shows a telescopic cylinder 
for achieving long extensions with a com-, 
pact size when retracted. These cylinders 
are commonly used for lifting operations in 
both hydraulic anct pneumatic systems. 




TRUNNION 



CLEVIS MOUNT 



HUSH SIDE 
MOUNT 




DSUSLE *O0 «NO 



Figure 4. Various Cylinder 
Mountings. 




Figure 5. Cross-Stectional 
Sketch of a Rod Boot. 
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P 

A 



ROO PACK^G 

Figure 6. Tandem Cylinder. 



V 



REAR PISTON 



FRONT PISTON 

\ 



I 



PISTON ROOS 

// 

// 



ROD SEALS 



Figure 7. Duplex Cylinder. 
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Figure 8.- Telescopic 
Cyl inder. 

< 



m Rams are single-acting cylinders with a one-piece 
rod and piston with a constant diameter. They are usu- 
ally used in~ high-press*ur>e hydraulic systems to produce 
extremely large forces. A, double-rod cylinder is one 
with a single pistoniand a rod extending through each 
cylinder cover forjnoving two loads at a time.- 

Figure 9 shows the components of a rotating cyl in- 
der . This cylinder does not produce rotational motion 
but is, rather, a means of translating a rotating shaft 
along its axis o^ rotation. Since rotation of the pis- 
ton in^he cylinder would endanger the piston and^rod 
seals, both the piston afid tfe cylinder rotate with the 
spinning shaft. A steel drive pin extends through a 
fiole in the piston and into each cylinder cover. This 



prevents piston rotation atod, in some models, can be 

' <>RfNG COVER SEAL 

0-R1NG SORT SEAL / PISTON RING \, 
SCREW. SEARING RET. \ ' J PISTON 

CUAO RING ' \ / *' PISTON CHECK NUT 

OIL SHAFT STEM ; \ /" ../ / PISTON ROO PACKING 

OIL SHAFT BOOY 1 l M j\j ' / 

SCREW. SHAFT COVER ^ f^jSS? ' ' ^ ^^^ffll * ^7^"/ ' 

V- * ' * * ' * " - — - 



RET, RING 
/ROO PACKING 



/ PACKING RET. 




COVER. 
SHAFT 30CY "\ 

GASKET. / 
SHAFT 9O0Y j 

SNAP RING. BEARING 



RAOIAL BEARING 



\ 

PISTON 300 
CYLINOER BOOY 
DRIVE P!N 
-RING PIN SEAL 
STEM RET, NUT 
6- RING. STEM 
FELT WIPER ' 
SCREW C Y L ,N0ER COVER 



Figure 9. 4 Hydraulic Rotating Cylinder. 

used to transmit rotational power. Oil is channeled to and from the cylinder 
by a stationary oil shaft on the end of the cylinder opposite the piston rod. 
Rotating cylinders are available for. either oil or air service. Some models' 
have an opening through the center with oil or air feeds in a stationary outer 
jcasing. Jhis-type is comrJfcnly used to operate power chucks on lathes and mill- 
ipg machines. 

4 ^ 
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ROTARY ACTUATORS 



STATIONARY BARRIER 




ROTATING VANE 



Figure 10. Limited 
Rotation Hydraulic 
Actuator. 



Rotary actuators are- devices for producing limited rotational motion. 
Figure 10 shows the simplest rotary actuator. It consists of a cylinder con- 
taining a stationary barrier and a shaft that is rotated by a vane. Fluid 
pressure on one side of the vane causes the rota- 
tion* A single-vane rotary actuator has a rota- 
tion' of 280°. Double-uane models Irave two bar- 
riers and a rod' with two vanes • They produce- 
twice the output torque but have a rotational 
angle of only 100°. Vane-type rotary actua- 
tors can be used in both hydraulic and pneu- 
matic -systems but are more common in hydrau- 
lic applications. 

The rack and pinion rotary actuator, 
available for either oil or air, consists 
of two cylinders with pistons attached to 
rack gears* (Figure- 11). The linear motion 
of the racks is 
transformed to 

rotational motion » 
of the pinion and 
output shaft. 
Pressure applied 
to one cylinder 
•produces rotary 
motion in one 
direction; pres- 
sure applied to 
♦ 

the, other cylin- 
der reverses tt\e 
rotation. .Typi- 
cally, this type of 
rotary actua£or - 
proviclej^rotation 
through 360°. 



HOUSING '4009 



REAR BEARING #4003 
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#4013 
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#4012- (ROTATION) 
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LOCK SCREW #4001 
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O-fllNG #4011 
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V 

ENO CAP #4005 
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Figure 11 



Rack and P4nion Drive Rotary 
Actuator. 
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Q SHIELDED THRUST 3EARING 
Q SPECIAL HEAD FASTENERS 
O ALLOYED HELICAL PISTON 
Q CUSHION PACKING 



O PATENTED HELICAL SEALING RING 

Q HONED STEEL TUBING 

O 2 HIGH TENSILE GUIDE POOS* 

© HARDENED HELICAL PISTON ROD 

15 CUSHION ADJUSTMENT 

© GUIDE ROD TENSION NUT 



Figure 12. Rotary Actuator with 
Helical Piston and Rod. 



Figure. 12 is a hydrau- 
lic rotary actuator using a 
helical rod and a. piston 
with a. matching hole in the 
center. Rotation of the pis 
-ion. is .prev-ented by a pair. 
0/ guide rods extending 
through the piston and an- 
choring in each cylinder 
cqyar: CTIiear motion of the 
piston causes the output 
shaft to rotate. This type 
of rotary actuator is ccp- 
plex and expens-ive, but it 
allows fine control^, can be 
stopped' at any point, and 
provides positive holding 
even if power is lost. 



CAUSES OF CVLIMVER FAILURE i 

With proper installation, application, and cylinder and'fluid maintenance 
fluid power actuators will give long and dependable service., The following 
are the most common causes of cylinder failure: 

• Dirt :' The greatest cause of cylinder failure is dirt in the working 
parts. Particles may enter through the rod seals but are more likely 
to be carried into'ttfe cylinder by dirty # oil or air. Dirt can destroy 
the seal materials or score the cylinder, piston, or rod. This can 
cause leaks and, if severe enough, can^cause the piston to seize. . 
at: Excessive heat causes deterioration of packings and seals. Cyl- 



inders should never be operated above the temperature limits of the 
seal materials. For most common cylinders, the upper limit is 140°F, 
although special materials for up to 500°F are now available. 
Misapplication : 'A large percentage of cylinder failures can be attrib- 
uted to misapplication of the cylinder*. Cylinders with cast iron 
covers should not be used in applications involving high impact shocks 
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or eccentric loads, tight and medium-duty cylinders used in heavy- 
duty applications will often fail~Trfa few days. 
Misalignment : Side thrusts or eccentric loads will cause excessive 
wear on one "side of the piston r*od>and cyl inder* tut>e. This can de-* 
stroy seals and result in scored parts, bent 'rods, and cracked cyl in- 
der__CQY£r.s J 1 . _ . ^ . . 



/ Improper mounting : If the cylinder is not securely and properly 

mounted, it may not able to withstand the forces prod&ced. by normal • 

• * -I 
operation. It can break away, from its mount, causing damage to both 

itself and surrounding equipment. If the mount becomes loose> the 
cylinder is much more, susceptib-le to misalignment. 
• Improper lubrication : In air cylinders, failure is often the result 
of improper lubrication. The proper maintenance of air-1 ine- lubrica- 
tors is the most essential elements pneumatic, cyl indef maintenance. 

CYLINDER' MAINTENANCE ' _< * 

All cylinders should be checked routinely and removed from service at the 
first sign of problems. Continued operation will usually result in more seri- 
ous damage in a very short time. The following steps should .be taken in in- 
specting and repairing a defective cylinder: 

1. Remove the cylinder from the^ system and disassemble Jt in a clean loca- 
tion* Cylinders should Viot be disassembled whi'le in place in^the sys- 
tem unless absolutely necessary. - ^ * 

2. 'Clean each part, it the cylinder is not to be reassembled immediately, 

coat each metal part with a good preservative and store in a protected 
container. ^ 

3. Check piston rod for straightness. If it is bent, it must be straight- 
ened or replaced. < ( 

4. Examine the r € od for any stratches,* indentations, or blemishes-. Any 

* * 
damage that can be detected is serious enough to require correction. 

Small, shallow blemishes and scratches can be removed with, emery doth. 

If grinding the rod i-s necessary,* it should be, chrome plated to restore 

its original diameter and provide* protection. 

Examine cover and cushion bushings for wear arrd finish. Replace any • 

p'artk that show the slightest defects. 

\ " 
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6.- Examine the cyl'in?J$r tube for scratches. Replace or replate damaged 
_ tubes. 

Z f ' 

77 It is strongly advised that all seals 'and packirigs be replaced: Only 
those seal materials that are in £a^fc J ' condition should be reused. 1 A 
light coat'ing of g/ease on .packings wf 1 1 often make assembly easier. 

8/ 'If a^piston^witrt rings is to be replaced; the piston should be attached 
to the roc? and ground concentrically wi tJi it for -a close fit in the 
cylinder. % * . , • ; 

9. * Cylinders with foot-mounted covers should be assembJed on a surface 

plate, and all mounting pads should make full contact with the surface. 
Otherwise, the^piston -may bind during "operation, 
10. Tighten all cover bolts evenly, but do not overtighten. Compression % 

packings .require considerably more tension than'O-ririg seals. 
11*. .Operate the cylinder at reduced pressure and check -for proper opera- 
tion. Then operatq at full pressure and che,ck for any leaks.* Check 
for internal lpaks by pressurizing one cylinder port with the other 

* open to atmosplieref y ^ 

i % 

'* 

FLUW MOTORS 
+ 1 

Fluid motors provide continouS 1 shaft rotation. Essentially, they are 
pumps operated in reverse. Module FL-04, "Pumps and Compressors," contains 
sdiagra^s of major pump and motor types^ Th| basic designs are the same. The 
differences in construction details are- primarily the result of different con 

f igurationS'Of forces on working components.; > 

. <* 

HYDRAULIC MOTOR TYPES ... . ' " * 1 

Hydraulic motors fall into three major classes: gear, vane, and piston. 

Internal and external gear motors are available in conf igurartions .essen- 
tially the same as pumps, and having the-same limitations and characteristics. 
However* pressure channels in the external gear pump apply full pressure to* 
the gears 180° apart ,to reduce sid^ thrust. 'Screyv motdrs are similar in all/ 
details to screw pumps and offer the same characteristics,. 

Vane motors are constructed similarto balanced vane pumps. Centrifugal, 
force cannot be used toxoid the varies ia contact witlfethe pressure ringHFor 
motor starting. Vanes can be held in place by springs or by high-pressure 
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fluid channels leading to the* inner portions of the vahe blots. Unbalanced 
vane motors can be built for variable speed operation^ ^ut these are seldom 
used because other variable speed motors give superior performance. 

Axial piston motors are available in bent-axis and in-line -designs. 
Variable speed motors are controlled in the same way as variable output pumps. 

Jn-line models with adjustable swash plates can be reversed by changing the 
angle of the swash plate". Like axial piston pumps,. axial biston motors pro-^ 
vide 'the highest speeds and best performance. 

Radial piston motors^are the- only 
type that are greatly different from^ 

'their motor counterparts. They are 
designed ior low-speed, < higto-torque 
applications. Figure 13 shows a Staffa 
piston nfotor consisting of fiv^ radial 
pistons connected to a central cam- 
shaft.* It is designed to operate, 
smoothly and efficiently at speeds as 
Tow as 3 rpm. - A hole ij\ the top of 
each piston allows high-pressure oil- 
to flow between the closely fitting 
v pistons, connecting rods,* and cam- 
shaft. Since all parts ride on a 
cushion of oil, friction and wear 





are almost eliminated. These motors 

\ 



Figure 13. Low-Speed, 
High-Torque Mottpf . 



are the most efficient available with 
overall efficiencies as high as 98%. * - 

Figure 14 is a diagram of another type of low-speed r< 
of ten Used in the hubs of vehicles, It has a stationary, hi 
outer rim. An even number of opposing fHstons. are located 
Thfcy apply forces to/a specially shaped cam ring through rollers 

/Motion. Slide guides ^fide in a slot in the cam ring to absorb any sid 
_ thrusts. Oil is directed to and from the proper cylinders 
distribution valve that rotates with the cam ring and rim. 
rotation can be reversed by changing the oil flow, and thr 



il piston motor 
ind a rotating 
the fixeu hub* 
srs that reduce 



ro 



tkry 



01 



direction o^ 



ig the flow 
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Figure 14, Operating Principles of 
Low-Speed, High-Torque Motor. • 



provides speed control. Free 
wheeling is accomplished by 
guides pressurizing *the case and re- 
. , tracting the pistorr^ and roll- 
* v ers. 



HYDRAULIC MOTOR PERFORMANCE 

The^similartty of hydrau- 
lie motors and pumps leads to 
similar operating chaVactefis- 
tics. Table 1 lists the char- 
acteristics of major hydraulic 
motor types. (Compare these to 
pump characteristics io Module 
FL-04,. "Pumps and Compressors.") 



TABLE 1. HYDRAULIC MOTOR CHARACTERISTICS, 





Maximum 


Maximum 


* Ma-ximum 


0'veral 1 




Rressure ' 


Speed 


Flow Rate* 


'Efficiency 


Motor Type 


■(psig) 


(rpm) 


(gpm) 


(%\ 


Gear 


2,000 


2,400 - 


150 


' 70 - 75 , 


Vane ■ - . 


2,500 


4",00(f 


250 


75 - 85 


Axial piston 


5,000 


12,000 


450 


85 - 95 


Radial' piston 


3,000 


500 


180 


: 90 - 98 '■' 



Figure 15 shows the performance curves of a vartable speed axial piston 
motor 4 . ^ Other l^ydraul ic motor types have similar curves with different^peci 



if 40 



values. fis with pumps, vQlumetric efficiency is highes$at l^wer" pressures 
and higher speeds. »?orq,ue produced depends on^tjie operating* pressure of the 
motor - not on motor speed. Motor speed^increas^s in direct proportion to 
oil flow rate; 'Thus, the speeds of fixed-displacement hydraulic motors can 
be controlled by regulating the oil flow rate to the motor. 
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AIR MOTORS 

Ajr motors have the 

0 

same general designs as 
hydraulic motors. 4 Sev- 
. eral types of gear mo- 
tors may be jjsed, but N . 
they are not popular. 
Vane? type air motor? 
are available in^sev- . 
eraL^iesigns. Most are 
'of thtf unbalanced* type. 
Some are designed for ' 
rotation in only one * 
direction and others 

^ffiay bje* reversed by 
changirfg the direction 
of airflow. Axial 
piston and radial pis-" 

¥ ton air motor.s are 
• similar in design arfd 
performance* to 'those 
types~of hydraulic mo- 
tors- 
Si nee air) is a com- 
pressible fluid, air mo- 

« tor cljaracteristic 
curves differ consider- 
ably froni those-of 
similar- hydraulic motors. 
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Figure 15. Performance Curves for 6-in 3 
Variable Displacement Motor. 

* : J 



'Figure 1 ? 8 shows typicfal performance- turves for an axial piston air motor si 
ilar in design to the hydraulic motor. These turves show the variations in 
torque, and power delivered as speed varifes at three constant delivery pres- 
sures/ Unl4ke hydraulic motors,, the speed of an air motor depends on the 
load driven by the motor; At low speed?, air motors produce maximum torque 
but ,do. not deliver much power. As*speed increases, torque decreases. 
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Figure 16. Typical Torque-Speed and 
Horsepower-Speed Curves for Axial 
Piston-Type 'Air Motor. 



Mechanical power "delivered I 

» 

rises with motor speed to a 
maxinfum n^ar the midpoint of 
' the motor speed range. Light 
loading of the motor results 
in high speeds with little 
torque and little power output. 
Air motor spe*ed can be varied' 
by charging the flow rate but • 
cannot be controlled exactly 
as can that of hydraulic mtftsrs 
because air motor speed i*>s de- 
pendent on load! 



Al^INTEWAA/CE OF FLUID MOTORS 

' • Fluid power motors are subject to the same maintenance problems and re- 
qi/irements $s pumps'. As wijh pumps, the most serious pVoblems arise because 
of impurities in the working fluid. Unusual noise is x>ften the first Indica- 
tion of malfunction. ' . 

* » * 

SUMMARY . " - . 

Fluid power is converted to mechanical power by actuators' and fluid mo- 



tors. The mast common type of actuator is the linear motion cylinder.- Thes£ * 

r * 

cylinders are available in a wide variety of configurations for both hydraulic 
and pneumatic applications.' Theirmajor components, include a cylinder tubi . 
with_iwo cylinder covers, a piston, a piston rod, and appropriate packings and 
'seals, nhl* selection ^>f a cylinder for a particular application depends'on the 
force the cylinder must produce and the stresses it will encounter during npr- 
mal operation* Rotary actcrators prQyid'e limited rotation and ane usually of 
the vane or racfcand pinion" type. The most important consideration in cylin- 

¥ \ 

der maintenance is the cleanliness of the working fluid, but proper installa- 

* • • » 

tion is also. essential for good performance and extended life. * 

Fluid,motors are constructed *ih much the same way "as fluid pumps .and have 

similar operating characteristics. The speed of hydraul ic' motors is completely 
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controlled by the oil flow rate and is independent of the qjotor load. The 
speed of air motors can be adjusted by changing the air flow rate, but their 
speed varies with the mechanical load on the motor. Maintenance considerations 
for fluid motors are the same as for pumps. 



EXERCISES 

A double-actfng hydraulic cylinder has a piston 4 inches in diameter. 
The area of the rod is one-half the area of the piston. The mechanical 
Toad for both extension and retraction is 3500 lb and the fluid flow 
rate is 20 gpm. The stroke of the piston is 15 inches. Find the 
following: 

a. Pressure during extension - 

b. Pressure during retraction 

c. Extension time 

,-d^ Retraction Xime m ^ . s — 

e. Power during extension 

f. Power during retraction 

A double-acting hydraulic cylinder has a diameter of 5 inches and a rod 
diameter of 2,5 inches. The cylinder must retract a distance of 1 foot 
against a force of 6000 lb in 1.5 seconds. Find the following: 
a. Pressure required (assume no losses) 
; b. Volume f^low rate of pump 
c. "Power of pump 

4; Maximum extension force with the same pressure 
'e. Extension time 

List the advantages of fluid motors over electric motors. Consult the 
library for further' information. * ^ ' 

Compare the operating characteristics of hydraulic motors and pneumatic 
motors, <T 
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5. Choose, a hydraulic motor type for eatfh of the following applications and 
explain each choice: 

a. An industrial motor must develop 300 hp at a constant speed of 

L , 3600 rpm. The least expensive motor^nth this capability is de- 

sired. 

b. A motor must operate at variable speeds up to 10,000 rpm- and must 
be reversible. 

-t. A motor must develop high torcjue ^t less than 50 rpm. 

d. The least expensive motor is dzgrtgd for an application requiring 
*30 hp at 1800 rpm. Fluid maintenance is likely to be' poor. 

6. Exrlain the six most commo^ causes of cylinder failure. 

LABORATORY MATERIALS 

Hydraulic power unit v N 

Hydraulic pressure relief valve 



Hydraulic directional control valve 
jPressure-compensated flow control valve 

Reversible fluid motor - * 
Hydra ul ic flowmeter v ^ v - 

Hydraulic pressure gauge 
Connecting hydraulic hoses 

Pneumatic power unit ,* ^ 

% Two. pneumatic directional control valves 

Air pilot valve 
Needle valve 

Air jnotor / j 
Compressed air flowmeter 
Air pressure gauge 4 
Muffler - 

Connecting pneumatic hoses- x 
Motor loading device consisting of a ^teel disk attached to the motor shaft 

and riding between two disk brake pucks in a support bolted to the work 

surface ,(a4d^stable tension^ 

Tachometer or strobe to measure motor speed 

> 
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LABORATORY PROCEDURES , 

" 7 ' ' * 

{ LABORATORY^. OPERATION OF A HYDRAULIC MOTOR. / 

1. v Construct the circuit shown in 

Figure 17. 

2. Connect the loading device to 
the hydraulic motor sh^ft. 
Set for light tension, 

3. Have instructor check the 
setup. ' 

4. Turn on the hydraul ic power 
gnit and set the pressure re- > 
lief valve to the desired 
pressure. ' 

5. Operate the circuit with light 
^ tension on the loading device. 

Vary the setting of the flow 
control valve and verify motor 
_____ OperaTe The™ 
DCV and verify motor stopping 
. and reversal . 

6. Turn the motor on and adjust the flow control v^lve to produce the first 
desired flow or motor speed as specified by the instructor. The loading 

'"•device should be set for very 1 ight tension. 

7. Measure the flow rate,* motor speed, >and fluid pressure at the motor, and 
<" record in the low tension line of Data Table 1. 

8 Increase the tension on the loading device to bring'the pressure at the 
motor to one-third the maximum system pressure. 

9. Measure the flow rate, motor speed, and fluid pressure*, and record in the 

medium tension line of Data Table 1. 
U).. Increase the tension of the loading device to produce two-thirds the max- 
imum system pressure at the mptpr. .Repeat the above measurements and 
record in the -high tension line of Data Table 1. 

11. Set the flow control to two other flow rates or motor speeds as specified 
By the instructor and repeat Steps 7 through 10 for each. 

12. Describe the effects of increased motor load on fjow rate, motor speed, 
and fluid pressure at the .motor. 
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Figure 17. Hydraulic Motor Circuit. 




LABORATORY 2. OPERATION OF AN AIR MOTOR. 

v 



\ 



1 



START 



/ 

DCV 

\ 

STOP 




AIR PILOX VALVE * 

fol / PRESSURE 
ilU .GAUGE 




AIR MOTOR 



MUFFLER 



3. 



4. 



Figure 18. Air Motor Circuit. 



5. 



6. 



9. 



10. 



Construct the fluid 
power circuit shown' 
in Figure 18. • 

i — 1 — r~l i c. -Connect the loading 

(tzz \ / I AIR PILOX VALVE * # 

It \ I f t meter~ p^/ 'pfoessure • device to the air 

njdtbr shaft. Set 
for light tension. 
Have instructor 
check the setup. 
Close the needle 
valve for minfmum 
flow and turn on the 
pneumatic power unit. 
Set the regulator 
for the desired pres- 
sure. 

Operate the circuit with light tension on the loading device. Open the 
needle valve to achieve motor rotation. Verify proper operation of start 
and stop controls. 4 - 

Turn on the motor and adjust the needle valve to produce the first desired 
flow rate as specified by the instructor. The loading device should be 
set for light tension. 

Measure thje^ flow rate, motor speed, and fl uid 'pressure at the motor, and 
record in the low tension line of Data Table 2. 

Increase the tension of the loading device to increase the pressure at 
the 'motor [to one- third the maximum pressure. 

Measure the flow rate, motor speed, and fluid pressure, and record in 
the medium pressure line of D^ta Table 2. < 

Increase the tension of the loa'ding device to produce; two-thirds the max- 
imum pressure.* Repeat the above measurements and record in the high ten- 
sion line of Data Table 2. 
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11. Set the needle valve for two other flow rates as specified by the inStruc- 
tor and repeat Steps 7-through 10 for each. Needle valve sfettings should 
be made with light tension on the loading device*. * , 

12. Describe the effects of increased motor load on -flow rate, motor speed, 
and pressure at the motor. 

13. Compare the characteristics of the hydraulic motors and the air motor. 

j * > 

* «» 

DATA TABLES 



DATA TABLE 1. OPERATION OF A HYDRAULIC MOTOR. 



Flow Rate 
(gpm) 


Motor Load 
(relative) 


Motor Speed ] Flbid Pressure \ 
(rpm) j (psig) \ 




Low 








.Medium 








High, 


* 






*Lo#> 








Medium 








High | 








Low 








Medium 


< 






High 
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DATA- TABLE 2. OPERATION OF AN AIR MOTOR. 



r low Kate 
' (cfra) 


Motor Load 
(relative) 


Motor Speed 
(rpm) 


Fluid Pressure 
(psig) 




Low 




» 


• <* 


Medium 




— ^ — 




High 




— 7-— 1 




Low 








Medium 








High 








Low 








Medium 






; 


High 







REFERENCES 



Esposito, Anthony. Fluid Power with Applications . Englewood Cliffs, # NJ: 

Prentice-*Hall , 1980.- 
Hardison, Thomas B. Fluid Mechanics for Technicians . Reston, VA: Reston 

Publishing Co. , 1977. „ 
Stewart, Harry L. Pneumatics and Hydraulics . Indianapolis, IN:' Theodore 

Audel and Co., J 976. ' . 

Stewart, Harry L. and Storer, John M. Fluid Power s Indiana^pl is, IN r 

Howard li. Sams and Co. , Inc. 1977. 



\ 



GLOSSARY 



\ 



,. Actuator : • A fluid power component that converts fluidal power to mechanical 
power, either linear motion or limited rotation. 

Cylinder cover : The closures on the 'ends of the cylinder tube. 
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Cylinder tube : The tube in which the piston moves. 

Double-rod cylinder : A cylinder with a piston rod extending out through each 
cylinder cover. 

Duplex cylinder : Two. cyl inders mounted in line but acting separately with 
one piston rod inside the other. 

Fluid motor : A fluid power device that converts fluidal power to continuous 
rotational mechanical power. 

* 

Piston cushion : A device for decelerating the piston and reducing mechanical 
shock to the cylinder. 

Rotary actuator : An actuator that produces limited rotary motion. 

Rotating cylinder : A cylinder that rotates as part of a shaft and imparts 
linear [notion to the shaft along its axis qf rotation. 

Tandem cylinder : Two cylinders in series with their pistons acting on a sin- 
gle rod. ' . 
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TEST 



1. Chrome-plated steel is commonly used for which of the following? 

a. Pneumatic cylinder tubes 

b. Hydraulic cylinder tubes 

c. Piston rods ' \ 

d. * Hydraulic pistons \ 

e. Both b and c 

f. Only b, c, and d 

2. Which of the following cannot be used to produce rotary motion? . 

a. Lineal motion cylinder 

b. Vane rotary actuator , 

c. Helical rod actuator* " * 

d. Rotating 4 cyl inder - 

e. None of the above (All can produce rotary motion.) 

3. The speed of a hydraulic motor depends on ... ^ 

a. the fluid pressure. ■ 

b. the fluid flow rate. 

c. the mechanical load. 

d. Both b.and c are true. 

e. All of the above are true. 

4. Which "of the foll.owfng fluid motors can be reversed'wi thout changing 
the direction of fluid flow? 

a. Axial pistonrair motors 

6; Radial piston hydraulic motors 

c. Unbalanced vane* air motors 

d. ^ 'Balanced, vane hydraul ic motors 

e. None of the above 

< 

5. The most efficient type x>f fluid motor is the ... 

a. radial piston motor. 

b. ajci al piston motor. 

r — - - / 

c; gear motor. ' . 

d. screw motor* •* 

e. Both b and d are true. 
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Tie rod construction is popular.for hydraulic* cylinders because ... 

a. • tie rods make long'cylinders more rigid. 

b. they put more pressure on the Q-rings for a better seal. 

c. they are less expensive to construct than other types. 

d. they are better suited for high-pressure applications than other m 
1 types,. 

e. None of the above are true. ' 

The most common ; cause of cylinder failure is ... 

a. improper cylinder mounting. 

b. ' contamination of. the working fluid. 

c. misapplication of the cylinder. 

d. misalignment of the* cylinder. 

e. over-temperature operation. 

Which of the following cylinder types can apply a force to two separate 
loads at the same time? 

a. Tandem * _? + m ' 4 

b v Duplex 



c. Double rod 

d. Both a and *b 

e. $oth b and c ' 

f. All of the above 
9. A double-acting hydraulic cylinder has a diameter of 2 inches antl a 

'stroke of 12 inches. The. rod diameter is 1 inch. The extension time of 
the cylinder is 3 seconds. What is the fluid flow fate? 

a. 0.054 gpm . , 

b. 3.26 gpm . \ *- c 

c. 7.34 gpm 

d. 2.45 gpm 

e. 13 gpm * 

10. A double-acting hydraulyk cylinder has a cylinder area^of 8 in 2 and a 
rod cross section, of 4 irK^^he stroke qf the cylinder is 6 inches. 
The retraction time is 4 seconds. What is the extension time? 
a* 8 seconds 

b. 2 seconds 

c. 4 seconds 
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INTR6DUCT10N 



The fluid distribution system of any fluid power sys.tem must deliver 
fluid power to the point of application at the proper time with the proper 
f>ow rate and pressure for the application. Such systems always include flufd 
conductor and control devices- and may* also contain means of storing fluidal 
energy' and increasing the delivery pressure at the component. 

This module discusses the major components of fluid distribution systems. 
Accumulators for storing hydrauli-c fluid under pressure and pressure inten- 
sified for increasing the pressure are described, as well as types and 
applications 9f fluid conductors and the connectors used with each. The 
discussion includes descriptions of function and application of directional 
control valves, pressure control valves', and flow control valves in hydraulic 

systems. ( 

In the laboratory, the student w.ill construct and operate fluid distri- 
bution systems using accumulators, pressure intensifiers, directional control 
valves, and sequence valves. 

PREREQUISITES 

The student should have completed Module FL-04, "Actuators and Fluid 
Motors." 

1 

-OBJECTIVES 



Upon completion of this module, the student should be able to: 
l. * Draw and label diagrams of the following* accumul ators and describe the 
* functions -and -characteristics of each: 

a. Weight-loaded 

b. Spring-laaded 

c. Gas-loaded, nonseparable 

d. Gas-loaded piston 

e. Diaphragm # 1 

f. Bladder . 

^ ' FL-06/Page 1 
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2. List three applications of accumulators and the type used for each x 
application. 

3. Explain the operation of a pressure, intensifier. 

« • i 

4. Given the flow rate of a hydraulic conductor and the maximum allowed 

fluid velocity, calculate .the diameter of conductor necessary. 

5. Describe the materials used for each of the following types of fluid 
Conductors, its application, and the connectors used 'with each: 

a. Rigid 

b. ^ Semirigid, 
. cl Flexible 

6. Describe the construction and operation of a four-way, three-position 
directional control spool valve. 

7. List and explain three -methods of Activating a spool valve. 

8. Explain the operation of a servo valve. - ~ 

*9. Explain the operation and application of each of the following types 

of pressure control valves: 

a. Pressure relief valve 
— b..~ Unloading valve 

c. Sequence valve - 

V r 

d. Pressure reducing valve 

10. Explain the difference in the oVeratiorufifj pressure-compensated flow 
control , valve and a noncompensated flow control valve. 

11. Explain how accumulators and unloading valves can be used to increase 
the energy efficiency of a hydraulic power system, 

12. -Construct and operate a circuit using an accumulator to power a pressure 
intensqfier and a circuit for sequencing the operation of, hydraulic 
cylinders. 

• r 
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SUBJECT MATTER 



x ^ ACCUMULATORS 



An accumulator. is a device that stores the potential energy of an m- 



urid§r 



compressible fluid urid§r pressure by doing work against a dynamic force. 
This energy can be recovered for lateh use in the fluid power circuit. 



ACCUMULATOR TYPES _ ' 

There are three basic types o.f accumulators,, each classified according 
to the means of applying force»to the liquid in 'the accumulator. This' may 
be-accomplished with a weight-loaded. piston, a spring-loaded piston, or by 
several methods of applying gas pressure. above the liquid surface. 

Figure la shows a weight-loaded accumulator and its fluid power, symbol . 
Fluid pumped into the cylinder raisgs a_ large weight attached to the piston. 
The weight forces the liquid out of the cylinder at a later time, providing 
power". Weight-loaded accumulators are the only type that deliver a constant 
f Juid-pressure; They are large and he^avy and must' be mounted in a- vertical 
.J> osteon! 



OCAO WtlGHT 





3 L 
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• auto four 
b. Spr Ing-Loaded 



oil port 



c. Nonseparator Type^ 



Figure 1, Types of Accumulators. 

f\\e spring-loaded accumulator in Figure lb uses the compression force 
of a spring to aJftply^a* force to ^the -piston. Most spring-loaded accum8^a.to^s 
are designed to 'deliver small fluid flow at relatively low pressures. Large 
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S VALVE 



PISTON 



/ 



or high-pressure model's require a heavy spring and are heavy and bulky. These 
accumulators are not suited for applications requiring high cycle rates, as 
''this results in spring fatigue and failure. The pressure delivered by spri'ng- 
loaded accumulators is not constant but decreases as the spring extends. 

Gas-loaded accumulators of several types operate According to the^ prin- 
ciple of Boyle's law, which states that the pressure of a' gas varies inversely 
with volume at a constant temperature. The simplest type of 
gas-lbaded accumulator is the nonseparator type. shown in 
Figure lc. It'consists of a presSure^tank with oil in the. 
bottom- and htgtr- pressure-gas in the top. Pumping more oil 
into the tank expresses the gas and raises the pressure. 
There is no physical barrier between the gas and oil, and 
this accumulator must be mounted vertically to maintain the 
separation. The major advantage of this accumulator is that 
is can store large amounts of oil in a relatively small 
space. However, gas is absorbed into the oil at the air-oil 
surface, which makes the fluid more compressible and results 
in spongy operation -of actuators. The absorbed gas can also 
result in cavitation in high-speed pumps. ^ For these reasons, 
nonseparator accumulators are unsuitexi for mW? systems. 
The symbol shown in this figure is used for all gas-loaded 
accumulators. x 

Three £>pes of separator gas-loaded accumulators- main-' 
tain a seal betweep trfe oil and gas. Figure 2 * 
, shows a piston-type accumulator. Piston accumu- 
lators are expensive and are limited to small 
sizes. The friction of the piston seal may 
cause problems in low-pressure systems'. Leakage 
around the seal tends to occur over a long period 
of time. These accumulators are used primarily 
with hi-gh or low temperature fluids or with 
fluids whose characteristics are not compatible 
with other gas-loaded accumulators*. Piston seals 

can bfe provided for any, fluid. 

i 

Figure 3 shows a diaphragm-type separator 
accumulator. A flexible diaphragm is clamped 



OIL PORT 



Figure 2. . 
Pi ston-Type 
Accumulator. 




Figure 3.' . Diaphr&gm-Type 
Accumulator- 
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between two shell halves. A shut-off button on the bottom of the diaphragm 
closes the inlet port and prevents extrusion of the diaphragm. The diaphragm 
can move from the bottom of the . 
tank almost to the top, giving 



Vat* C*0 ^^/^ 

On Tif*- 



this accumulator the highest 
volume-to-weight ratio of any 
separator type. This type/Ts 
used extensively in aviation 
ppl jcations. 

Figure 4 shows a bladder- 
type accumulator in which the 
gas is contained in a flexible 
synthetic rubber bladder. Its 
oberation is similar to that of 
the diaphragm type. The bladder 
type must be mounted vertically f ^ ^ Bladde ^ T ype Accumulator, 

to prevent oil from being trapped 

by the bladder as- it e\pands. The quick response jif^Jae^lightweight, bl adder 
provides the best performance for pressure regulation and pul sa'tion dampening.. 




ACCUMULATOR APPLICATIONS 

H * 1 

.Accumulators are, used as power-saying devices .in several ways. In a . 

-system performing intermittent operations, a small pump can be used to con- 
tinuously pump oil iijto an accumulator.' Oil flow from the accumulator oper- 
ates the actuators and provides an oil flow rate several times that delivered 
by the pump.. This allows 'the use of a small pump and improves overall system 
efficiency by providing for more nearly constant pump output. Accumulators 
can 6e employed in a similar manner in any' system to increase fluid delivery 
'rate momentarily and, thus, increase the speed of an actuator. This is often 
done in rapid retraction of double-acting cylinders. 

An accumulator can also be used to save power when a system -requires high 
pressure but a small flow rate. The accumulator provides the pressure while' 
the pump. is unloaded by an unloading valve (described later in this module). 
This allows the pump to operate with the outlet pressure near atmospheric and 
requires little input power to the pump drive. 
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Another application of accumulators is ta* provide fluid pressure and 

power when the pump is turned off. Many industrial applications require 

* ■ - 

positive positioning of actuators for long periods of time. Because of small 
leakage through components and valves, pressure must be maintained and a 
small oil flow riust be provided. An accumulator can achieve this with the 
pump off. '« 

A similar application i s the use of an accumulator as a-back-up pow^r \ 
source for safety purposes. Pressure loss due to pump or component failure 
can cause hazards to equipment and personnel. An accumulator in the circuit 



can provide emergency fluidal power until the actuators can be properly 
positioned for safe* shutdown. N . 

One of the most important industrial applications of accumulators is 
the reduction or elimination of fluid pulsations. Some pulsation is present 
in all pump outlets, and it is a mor*e serious problem with the more, common 
gear pumps,. These, pulsations can catfse a pulsating motion of actuators and 
can set up damaging vibrations in piping. 'The rapid^closing of a valve can 
-produce a high-pressure shock wave as the flowing oil is rapidly decelerated. 
The sevefity of the hydraulic shock (sometimes called Water hammer) is greater 
at higher fluid velocities and can rupture fluid conductors or damage compo*- 
nertts. A properly chosen accumulator absorbs these shocks, thereby protecting 
the system. Bladder and diaphragm accumulators are used for this purpose 
because of v their quick responses. Weight-loaded and spring-loaded accumula- 
tors and piston type gas-loaded models are not suitable for reducing pulsa- 
tion shock. * # ' 

' ACCUMULATOR MAINTENANCE • - 

The proper operation of any accumulator depends on fhe maintenance of 

the seals in good condition and the application of the proper force to the 

enclosed oil. In weight-loaded acciitnulatbrs, force is provided by the weight 

and is present as long as the weight rests on the piston. The reduction of 

applied force in spring-loaded types occurs only if the spring is'^/eakened % - 

or broken. Gas-loaded accumulators depend on the proper- gas pressure,,. This 

pressure is usually specified and set. with all the oil exhausted from the,, 

accumulator. Gas-loaded accumulators should be checked periodically and the,. 

" ' * * c> ' 

proper pressure should be maintained. /• 

**-**- 
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The rupture of a diaphragm or bladder will eventually result in £as 
entering the hydraulic lines. This- will cause sluggish motion of actuators 
and a reduction of- accumulator pressure as more of the g^s charge is lost. 
Leaks may not be evident unless the oil level of the accumulator drops to 
its minimum. Leaks can be detected by allowing all oil to flow from the 
accumulator and monitoring the gas pressure. If the gas' pressure continues 
to drop after the, accumulator is empty of oil, the gas seal- is leading. 



BOOSTER 
Chamber 



PRESSURE IMJENSIFIERS 

Many hydraulic and pneumatic systems require one pressure yor the opera- 
tion of most of the system and a higher pressure for specific attuators. 
Pressure intensifiers are used to produce the higher pressures/ needed without 
a high-pressure pumft. Module FL-04, "Pumps and Compressors," described a 
reciprocating pressure intensifier that provides a continuous flow, of high- 
pressure oil. The type described here produces a momentary flow only. 

figure 5 is a single-acting hydraulic pressure intensifier. A piston 
with a large area is driven by low-pressure oi-1 . Its piston rod, called a 
ram, is forced into a: smaller diameter 
cylinder. Since the forces on each end 
of the piston rod are the same, the 
ratio of pressures is the ratio of 
areas. In this model, the piston is 
■ retracted by spring force. Other in- 
tensifiers may use gravity or the 
pressure .caused by the load itself 
for retraction* Double-acting pres- 
sure intensifiers retract the piston 
by the application of high-pressure ^ 
fluid abov§ the piston.^ The high- . 
pressure fluid is always oil, but 
either oil or compressed air may be ' 
used for the low-pressure fluid. 
With the proper valving pressure, 
intensifiers can be used as recipro- 
cating pumps that provide intermittent 
flow* * • 




SYMBOL 



Figure 5, Typical Single-Acting 
Hydraul ic Booster, 
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' FLUW CONOUCTOKS MV COUUECTORS 



, In fluid power systems, power is transmitted by fVuid flow through 
conductors and fittings. In hydraulic systems, the conductor system takes 
oil from the reservoir to the pump, then to the actuators, and finally back 
to the reservoir. The conductors used must be capable of withstanding the 
applied pressure and must be large enough to allow fluid flow at velocities 
" low enough to prevent turbulence. Pump inlet lines are sized to'give fluid 
velocities of not more than 4 -ft/ sec. Higher velocities result in lower 
inl'et pressures, which may cause pump cavitation. The maximum recommended 
velocity for high-pressure lines is 20 ft/sec. Higher velocities result in 
turbulent flow, which wastes -power and heats thrfe oil. The velocity values 
given are for any average velocity - not for the maximum velocity at the 
center of the pipe. Example A illustrates the sizing of conductors. 



EXAMPLE A:" SIZING. HYDRAULIC CONDUCTORS. 



Given: 



Find: 
Sol ution 



A pump delivers oil at a rate of 50/gpm. The maximum fluid 
velocity in the outlet pipe must be limited to 20 ft/sec for 
efficient operation. 

The minimum acceptable inner diameter of the pipe. 
Flow Rate: 



Q = (50 gal/min)(gQ 
Q = 192.5,Jn 3 /sec 



1 min w 231 in ; 



sec 



)( 



gal 



-) 



Fluid Velocity: 

v = (20 ft/sec) Oj^f 

v = 240 in/ sec 

Fluid Velocity 



Flow Rate 



Conductor Area 



= a 

A 

= SI 
v 



A 
A 



192.5 ln 3 /sec 
240 in/sec 

0.802 in 2 

ird* 
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Example A. Continued: 

-7f— < 



7T 



n /(4)(0.802 in 2 ) 
3.14 



= ^l'.02 in 2 
d = 1.01 in 

The inner diameter of the conductor must be greater than 1.01 in. 



SCREW 



LOCK *VA$H6R 




O-RING 



RIGW PIPES 

Rigid pipes are fluid conductors that cannot be -bent around obstacles. 
They are straight pieces of conductor that have male threads and are connected 
with pipe fittings. Steel is the 
only material that is widely used 
for pipes in hydraulic power sys- 
tems. Steel pipe is available in 
many standard sizes and strengths 
and may be manufactured to contain 
,any practical fluid pressure. . 
Pipe size is specified according 
to the size of the threads. Both 
inner>and outer diameters' of 
standard pipes vary as the wall' 
thickness varies. v 

Figure 6 show's flanged con- ' 
nectors used to connect rigid pipe 
to fluid power components. These * 
connecters bolt to the -component . 
and seal by means of an 0-ring. 
Pipe can be welded to the_connec- 
tor or screwed into female threads 
in the connector. Hydraulic pipe 
has tapered, dry-seal threads. 
The pipe and connector threads 
make a compression seal at the 
crests and roots of the threads. 



FLANGE 



a. SOCKET WELD PIPE CONNECTIONS 



LOCK WASHER 



SCREW 





O-RING 



FLANGE' 



b, THREADED PIPE CONNECTIONS 



Figure 6. Flanged Connections for 
Large Pipes (Straight-Type). 
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Each time a joint is reassembled, the threads must be tightened further to 
provide a positive sea]. -Frequently, this means that some of the pipe in a 
rigid system must be replaced with slightly longer pieces when the system is 
disassembled. This problem can be overcome to a large degree by using Teflon 
tape on the threads. 

Steel pipe provides the highest pressure service, but, because of the 
difficulty of its installation, it is usually^ 1 imited to those applications. 
Rigid pipe is sometimes used for internal connections in a machine driven by 
fluid power where mechanical or hydraulic shock make a strong or rigid con- 
ductor desirable. Compressed air conductors are usually made of g.al vai^ized 
pipe to resist rust formation. Galvanized pipes should never be usecf for* 
hydraulic oils, as the zinc coaTtTTig^HprW-ly increases,, the oxidation rate of 
many oils. 



SEMIRIGID TUBING* k 

Semirigid tubing is a metal fluid conductor that is not flexible -in 
operation but may'be bent during installation. It is the most popular type 
of hydraulic conductor because it is easily installed and requires less space 
and fewer connectors than pipe. The use of tubing in pneumatic systems is 
usually Limited to short runs near the point of application of the air. Seam- 
less steel is the most common type of tubing, but stainless steel, aluminum, 
and copper tubing are sometimes used. Copper tubing is not (Recommended for 
hydraulic, oils because the copper acts as a catalyst in breaking doV/n oil 
additives and because it can work. harden from vibrations and becon^ brittle. 

Tubing is Available in several walU , 
thicknesses. Its size is, specified by 
the outer diameter of the tubing. The 
pressure handling of tubing varies with 
dtameter and wall thickness. Some steel 
tubing can operate at pressures above 
500O psi. 

Tubing cannot be threaded but is 
connected with a variety of tubing con- 
nectors. Figure J shows a popular type 
of flareless connector used with tubing 




FITTING SHOULDER 



CUTTING EDGE 



Figure 7. Flareless Tube Fitting. 
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that cannot be flared. A cutting edge on the inner surface of the sleeve cuts 
into the surface of the tubing and prevents it from being forced out of the 
connector. The sleeve is compressed along its length 
to grip and reinforce the tubing at the connector. This 
forms a positive seal without constricting 'the tubing. 

Figure 8 is a Swagelok tubing connector. It grips 
, the tcrfang by means of two metal ferrules that are com- 
pressed onto the tubing. The compression forms a tight 
seal but does not noticeably constrict the inner diam- ' 
eter. This £ype of connector can be disassembled and . 
reassembled many times without leakage. It will also 
withstand greater pressure than the tubing itself. This 
type of connector has become very popular because of its 
reliability and ease of installation. 

Figure 9 shows several other common types of tybing" 
connectors. The 37° flare fitting is the most widely- 
used fitting for tubing that can be flared. The 45° 
'flare fittings were used for high-pressure applications 
before compression fittings were developed, and they are still in use today ^ 
0-ring fittings are also used for high-pressure Seals, of tubing that cannot 
be flared. 




Figure 8. Swagelok 
Tube Fitting. 




37° FLARE FITTING 




FERRULE COMPRESSION 
FITTING 



STANDARD INVERTED 
45° FLARE FITTING 




O-RING COMPRESSION 
FITTING 



SLEEVE COMPRESSION 
FITTING 



Figure 9. Threaded Fittings and Connectors Used with Tubing. 
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CORRECT INCORRECT 



r? 



=3)3 



IP 



CORRECT 



Several- precautions are necessary 
in the installation Qf tubing. Care must 
be taken to avoid mechanical stress- 
Longer lengths of tubing should be sup- 
ported, and tubing should never be used 
to support any component: All parts 



INCORRECT 



CORRECT 



INCORRECT 



installed in tubing lines, such as heavy 
fittings and valves, should be bolted 
down to -prevervt-moti^rv-t-ha-t could lead to ( 
tubing fatigue. Straight line connections, 
particularly for short lengths, Should be 
avoided. Tubing tends to lengthen and 
contract slightly as pressure is applied 

4 

and released. This produces stress on 
straight tubing sections, which can lead to failure. Tubing connections 
should always contain a bend to allow some flexure. Figure 10 ,shows correct 
and incorrect ways to make tubing connections. 



Figure 10. Tubing Installation 
in a Fluid System. 



FLEXIBLE HOSES 

Flexible hoses are used to connect flurd power components whenever the 
component is subjected to movement: - These hoses are made of layers of wire 
braid and synthetic rubber with an inner conductor that is compatible with 
the 'fluid used. " SeveraTstyles are available wTth maximumworking pressures 
from 250 to 5000 psi. Higher pressure types have several layers of wire 
braid that may or may not be alternated with layers of rubber. 

Hoses are available with maTe* and female i pipe fittings and with compres- 
sion fittings. Fittings may be straight or may ha^ve angles of 45° or-90°. 
Permanent fittings are attached to the hose ends during manufacturing and 
cannot be removed ancf reused. Reus^b'le^fi ttings are compression fittings 
designed to grip the hosfe between a sleeve insideHhe hose arid a compression 

4 * * 

ring on the outside^. This type of fitting can be removed from one piece of 
hose and installed on another. . % ■ 

Systems in which components are frequently disconnected may employ quick 
disconnect couplings (Figure 11). 'These are available in straight through 
models that do not seal either the male or female connector when disconnected 
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and in models that automatically seal ' 
one or both conductors. * The connector 
shown in Figure 11 is a two-way shut- 
off coupling. -The plungers are held 
against seals by fluid pressure wh~n. ' 
the couplers are disconnected. 'During 
operation, the couplers are held to- 
gether by ball bearings that catch in , 




Figure 11. Cross-Sectional View 
— irf^Quirk-&«connee^~-€ou^l-i ng% 



INCORRECT 



a 





a groove in the maTe connector ancf are 
held in place by the locking sleeve of 

the female connector. When the locking sleeve is removed, the ball bearings 
may retract, and fluid pressure forces the'couplers apart and'seals the ends. 
These connectors should be protected from dust and dirt, #s these particles 
could easily x enter and con- 
taminate the fluid lines. 

Under pressure-, a hose 
may change in length, becom- 
ing either slightly longer 
or shorter depending on the 
type of hose\ Connecting 

-hoses should always contain 
some sV^ck to avoid tension. 
Hoses should never be twist- - 
ed in installations, as 
pressurizing the hose tends 
to straighten it and may 
loosen the connecto^.. All 
hose bends should be made 
with 5 radius large enough 
to prevent pinching of the 
hose, and the motion of 
. components should not re- 
strict or kink the hose. 

'Figure 12 shows several 

correct and incorrect hose 

- J _. Figure 12. Hose Installations'- 

installations. r . ' . 
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/// INCORRECT 

W 




INCORRECT 



«2* 



PLASTIC TUBIHG 



/ 



Plastic tubing hats gained in- popularity for low-pressure fluid power 

*> 

applications because it is inexpensive and easy to install. It is widely 

-w * — 

used in pneumatic systems because the pressure is usually under 100 psi . 
Low-pressure hydraulic systems may also usj. plastic tubing. Fi ttings^us^d 
with plastic tubing are. almost identical to those used with steel tubing. 

FIUIV CONTROL VEVKES 

Fl uid -control devices consist mainly of valves for controlling the 
direction of fluid flow, fluid pressure, or fluid flow rate. A*wide variety 
of control components is available. Some of the more common ones are dis- 
cussed here. 



POPPET 



SPRING* 



NO FLOW 
DIRECTION 



-BODY 



DIRECTIONAL 'CONTROL VALVES 

Directional control valves (DCV} ape used to control the direction of 
fluid flow in fluid power systems. Figure 13 il lustra tes 'a check valve , the 
simplest type of directional control valve. The checlT^al^e allows flow* in 

one direction only. This 
particular model is a simple* 
spring-loaded poppet valve 
in the fluid flow line. 
Fluid- flow- from one direc- 
tion pushes the poppet operV, 
allowing flow. Pressure 
applied from the back side 
of the valve acts with spring 
tension* to close the valve, 
preventing reverse flow. * 
Check valves are used in both hydraulic and pneumatic systems. Some are 
pilot operated and can be controlled by fluid pressure from a remote location. 
\ Other types of directional control valves are used to direct fluid fl'ow ' 
to ahd from' components. Two-way valves have two ports and can be opened or 
closed to control vflow in^a -single conductor. Several, valve types may be 
used' for this application. Three-way valves have three ports: one connected 




Figure 13. Operation *of Check Valve. 
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T P 
PRESSURE TO " 9" 
" A M TO TANK 




p. . J 

PRESSURE TO N A» 
"8" TO TANK 



to the fluid power source, one to the power component, and the third to the 
reservoir in a hydraulic system or exhaust in a pneumatic §ystenu These 
valves are used to connect a single-acting cylinder to the pump for extension 
or to the drain f&r retraction. . Some have a third position in which fluid 
flow through the valve is blocked, locking the position of the actfuator. 

Four-way control valves have four' ports and are used to^pntrol double- 
acting cylinders, fluid motors, and other reversible fluid actuators. The 
four ports are connected to the pump, reservoir, and each port of %he actuator 
The most common type of -four-way control valve is the spool valve -shfcwn sche- 
matically* in Figure. 14. It consists of a valve body containing fluid ports 
and passages and a spool ' 
that can be moved from 
sjde to side. The center 
port on the bot'tom of the 
diagram is connected to 
the fluid power source. 
The two outer ports of the 
diagram are actually con- 
nected internally within 
the valve and to a fluid 
conductor leading to the 
reservoir of a hydraulic 
system or to exhaust in 
a pneumatic system; The - 
, upper ports lead to the ends of a doub-le-acting cylinder or other actuator. 
The schematic diagram of this valve shows the two connections possible wi.th 
a two-position valve. -One position extends the cylinder and the other re- 
tracts it. 

The seals in spool- valves are nonpositive seals - and allow a small amount 
-ef-o4-l-f -low .through the space between the spool and the valve body. This 
fluid is drained ( back to the^ank through the tank connection. Spool "valve 
failure usually occurs because Of worn seals, which results in excessive 

'fluid leakage. V 

Figure 15 shows a'manually actuated, spring-ceif&red,; three-posi-tion, 
fou.r-way control valve. In the center r posi tion, ports of this valve are 



SYMBOL . 



Figure 14. Spool Positions Inside 
. Four-Way -Val ve. . 



162 



. FL-06/Page 15 




Figure 15. Manually Actuated, Spring-Centered^ 
Three-Position, Four-Way Valve. 

blocked and no flow occurs. Springs on the ends of the spool return this 
.valve to the center position automatically. All four-way control valves have 
the same connections for the two end positions. 

Spool valves may also be actuated by fluidal or electrical input signals. 
In a pilot^operated valve, a fluid cylinder is located at each end of the 
spool with its piston connected to the spool. Applying pressure to one of 
these cylinders shifts the valve spool in the direction away* f rom that end of 
the valve body. The use of -ailot-operated, control valves will be discussed 
in Module FL-07, "Fluid Cfrtui ts . "„ A solenoid-actuated valve is^one in which 
the valve spool is moved by*an electrical solenoid. It allows direct elec- 
trical control-of the direction of fluid. flow. Pilot-operated and solenoid- 
actuated control valves usually have Springs 'for centering the spool when the 
input signal is removed. * 

Most directional control valves are of .the spool type, but others are 
also in use. Figure 16 shows a rotary DCV consisting of a rotor with oil 
passages closely fitted inside a body with oil .ports. Rotating the control . 
handle moves the rotor to one of the three positions indicated. The symbol 
for this type of valve is the same as that of a spool valve. The symbol in- 
dicates the function of the valve - not physical construction. 
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TANK 




ROTOR TURNS IN 
BOOY TQ 
INTERCONNECT 
OR BLOCK PORTS 




PUMP 



PRESSURE PORT TO 'A" 



POMP 



CENTERED 
(CLOSED CENTER) 
ALL PORTS BLOCK EO 



"B" TO TANK 


i 


i 




TT 




* 






f 


T T 





TANK 



PUMP 




PRESSURE PORT TO 8'^ 
"A" TO TANK 



SYMBOL 



Figure 16. Rataty Four-Way Valve. , * * * 

Figure 17 shows a shear-flow ^rotary direction control' valve. ^ The^fluid 
passages of ,this >val ve have the same pattern as the valve in Ffgure 16^^ 
the special seal design- allows this valve to act as both a 'directional control 
valve and a flow control valve. J 



-THRUST BEARING 
HOUSING 4 



nam 




SHEAR-SEAL* RING 



-MINIMUM TURBULENCE 
-MINIMUM PRESSURE OROP 



3 



figure 17." Shear-Flow Rotary 
'Directional Control Valve. 
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. Rotary directional oontrol valves; are usually activated manually or 
mechanically. Both' spool and rotary DCVs^ are used in pneumatic as well as. 
hydraulic systems. . / • 

SERVO VALVES * v . 

Servo valves are directional control spool valves thatcan ccntroT both 
the direction of flow and the flow, rate. They are similar to the rotary 
valve in Figure 17. Servo valves are used with feedback sensi ng> devices to 
"provide very accurate position, velocity; or acceleration of an actuator'. „ 

Figure 18 shows' thfe principle 



CYLINDER 



OUTPUT 





\NPUl 



inlet ' tank 



Figure 18. 



Mechanical -Hydraul ic 
Servo Valve. 



with a mechanical feedback link 
used" to position a piston in a 
cylinder. The position of'the 
valve spool is controlled manu- 
ally; the.position of the valve 
* body iV^gontrol led by the me- \ 
chanical 'linkage to the piston. 
■ If the spool in the figure is 
mov,ed to the right, oil will 
flow from the inlfet port to 

V 4 

port A and from. port B to the tank. This causes the piston, and the valve 
body to move to the right. The speed of the motion decreases as the center 
portion of the spool comes into alignment with the inlet port. When the 
inlet port is completely blocked, the piston is held in place. This type of 
control is'usedMn power steering in automobiles. The feedback to the servo 
vcMve may also be electrical or fluidal. 

PRESSURE CONTROL l/ALl/ES • • 

In pneumatic systems, the pressure fs controlled by pressure regulators 
.(described in Module FL-03, ""Fluid Storage, Conditioning and Maintenance"). 
In hydraulic systems, pressure control is Achieved by a variety of pressure 
control values. * * 

The most widely used pressure gontrol valve is the pressure relief valve 
shown in Figure 19. The inlet from the pump is sealed by a spring-loaded 

' \ 
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SYMBOL 



INLET 
\ (FROM PUMP) 



(2) 



Simple Pressure 
Relive Valve. 



piston (1). When pressure fa* less t ) I ._, » 3. 

than the .valve setting, the vaive 
remains closed (2). The valve Is • 
closed until it'reaches the crack- 
ing pressure. At this pressure, • 
the valve begins to open, and oil 
flows through the valve and back 
to the hydra,ulic reservoir (3).* 
Higher pressures cause the valve 

to open, wider until it will carry " Figure 19, 

the entire pump output if the rest 
of- the system is closed. Almost, every hydraulic pump is protected by a pres- 
sure relief valve. 

The schematic diagram of the pressure relief valve indicates that it is 
a pilot-operated deivce. This is a device in which fluid pressure moves a 
piston. In the valve in Figure 19, the pilot pressure is the pressure of the 
pump outlet applied directly to the valve pi.ston-. Other types of pressure^ 
relief valves can be operated by pilot signals from other locations. 

An unloading valve is similar to" a pressure relief valve but is con- 
structed to operate due to pressure applied to a pilot port. This valve 
'remains closed until pressure at the port reaches a preset level. Then the 
valve opens and remains "open as long as the pressure is applied to the pilot 
port. Unloading valves, are used to "unload" the pump in hydraulic circuits — 
using accumulators for energy storage. The pilot pressure is appl.ied by the 
pressure "of the accumulator. The unloading valve is used to allow the entire 
pump output to drain into the tank at atmospheric pressure. This means that 
the pump does not pump liquid against pressure and consumes very little 
energy. A pressure relief, valve requires that the pump be fully loaded when 
no oil is required' by the system. The maximum pressure must 'be maintained 
•to operate the pressure-relief valve. This causes unnecessary consumption 
of pump drive power and converts this power to heating -o/ the^o,il in the _ 
pressure rel ief valve. Unloading valves and accumulators improve the energy 
efficiency and thermal' properties of hydraulic systems. Its .schematic 'symbol 
is the same as that of a pressure relief valve,- but its pilot is connected 
to some other component. 
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A sequence valve operates exactly like a pressure relief valve, and is 
used to control the sequence of, operation of hydraulic actuators. >A sequence 
valve is ysed to oontrol the operating sequence of two single-acting cylinders. 
The valveTis set to remain closed at the pressure required for the operation 
of one cylinder. When pressure is applied to the circuit, the valve remains 
closed and the cylinder extends. .When it reaches the end of it/s travel, the 
pressure rises and the sequence valve opens to operate the other cylinder. 

Another type of pressure control valve is -the pressure reducing valve . 
This. valve dDes not block, fluid flow but maintains a reduced pressure down- 
stream from the valve for the operation of lower pressure components. The 
pressure reducing valve allows- a portion of -the oil entering it to flow bacj< 
to the tank from the spring chamber. >0nly enough oil is allowed to flow mt 
the valve outlet to maintain the reduced pressure. 



FLCCC C^TRCU J/ALI/ES ' ' . 

Flow control valves control ^the ra£e of fluid flow through the valve. 
In most pneumatic systems, simple needle valves are used for flow contrtl . 
-F]ow control valves for hydraulic: systems usually incorporate a chec^vaTve 
to prevent reverse flow.* In the noncompensated flow control valve , the flow 
rate varies yrtth- pressure*. This type of valve is suitable only for systems 
in which the pressure is relatively constant during valve operation. The 
pressure-compensated flow control valve adjusts to changes in system pressure 
in order to/ maintain an almost constant flow at alV pressures. - 



DRAIN 
TO TANK 



OTHER CONTROL VEVKES ■ ' * • 

Several other control and safety devices are used in fluid power systems." 
Figure 20 shows a hydraulic fuse for pump ^protection . It is a thin mejtaL • 

disc that ruptures if the pressure , 
\ exceeds a certain value-, The* sche- 
matic diagram shows , a hydraulic fuse 
used as fail-safe protection for a 
^ pressure-compensated pump. If the . 
purap pressure control fails, the 
hydraulic fuse protects the pump 
component's; 
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METAL DISC 

Hydraulic Fuse. 



Hydraalic systems often i nclude .temperature-activated electric switches 
that shut down the system or sound an alarm if the oil temperatuce exceeds a 
certain value. In pneumatic systems, pressure-activated switches are used to 
turn the compressor on and off. _ 

. • sum: iarv 

The fluid distribution system of a fluid power system includes fluid 
' conductors and valves and may contain -accumul ators and pressure intensifies. 
Fluid conductors in pneumatic systems are usually galvanized pipe with short 
runs of hose or metal or pi as^tubing for component 'connections. The most 
widely used' hydraulic. fluid conductor fs steel tubing, but steel pipe and- 
.flexible hose are also important in hydraulic systems. 

Fluid control-valves can be grouped into three basic classes. Direc- 
* 'tional control valves control the direction of fluid flow to and from compo- 
nents. The- most common type is the spool valve. Pressure control valves 
v/ allow fluid flow only under certain pressurelcondi tions. These include 
• pressure- relief valves, unloading valves, sequence valves,, and- pressure re- 
ducing valves. Fluid now valves control the rate of fluid flow through- the** 
vafve. ' 

Hydraulic fluid -distribution systems may also contain accumulators for 
„ storing energy in fluid under pressure! Both hydraulic and -pneumatic systems_ 
may use pressure intensifiers to produce high' pressures for. the operation of 
some components. , ^ . - 

> • . EXERCISES 

1*. Explain the uses of accumulators in hydraulic'circuits, including two*. 
' way's ^ey-Jia^make- systems 'mo re^ energy efficient. 

Draw a diagram of a "double-acting pressure intensifier in a pneumatic^ . 
circuit. Include the valves'" necessary for its operation. 
3. A -hydraulic pump delivers fluid ajt a x flow rate of 150 gpm: Determine, • 
' the minimum acceptable diameters for the, pump. suction 'Tine and the pump 
outlet line. — . 
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4. Explain the applications of each of 'the following types of fluid con- 
, ductors and the reasons they are chosen for those applications: 

a. Rigid ~ - * 

b. Semirigid 

c. Flexible 

5, Draw schematic symbols for ea/:h of the following valve types andde- 
scribe the function of each: 

a. Three-position, four-way DCV 
, b. Two-position , three-way DCV 

c. Pressure relief yalve 

d. Unloading valve * 

e. Sequence valve ' . 

f. Pressure reducing valve 

g. Noncompensated flow control valve 

h. Pressure-compensated flow control valve 

6.. Explain, with a diagram, the operation of a servo valve." 
7. Explain the difference in energy efficiency of a system using a "pressure 
relief valve and one using an unloading valve. 

LABORATORY MATERIALS 



' Hydraul ic power unit 
Pressure rel ief valve 
Two doubl e-acting- hydraul ic cylinders 
Single-acting hydraulic cylinder 
Pressure intensifier 

Accumulator (spring-loaded or gas-loaded) 

DCV . 

Two check valves * > 

Two sequence valves 

Two pressure gauges 

Connecting hydraulic hoses 



' f 
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LABORATORY PRCCEDllRES 



' 1. Construct the hydraulic. circuit shown in Figure 21. This circuit illus- 
trates the operation of both accumulators and pressure intensif iers . 
2." Fill the high-pressure section of 



5. 



6. 



7.- 



0- 



I} 



r 0 

1_ 



the pressure intensifier and the 
hose to the cylinder with oil. 
The pistons of both should be 
fully retracted. The pressure 
intensifier must have sufficient 
volume "displacement to fully ex- 
tend the cylinder. ' .sr 
Turn on the hydraulic power unit. 
Operate the OCV to assure proper 
circuit operation. 
Retract the cylinder, measure 
and'record Pi in the Data Table, 
and turn off the hydraulic power 
unit-f* 

Operate the circuit. Measure and record both pressures at the full 
.extension of the piston: 'Operate the circuil a total. of four cycles 
or "until it will nojonger operate. Record both pressures at the full 
extension of the piston on each stroke, 
Exp-lain the operation of each compo- 
nent in the system. Include the 



Figure 21. - Accumulator-Pressure 
Intensifier Circuit. 



CYLINDER A 



CYLINDER B 



pressure ratio of the pressure in- 
tensifier and the reasons for any 
pressure variations betweeTi succes- 
sive piston.strokes. 
Disassemble the circuit and assemble 
the cylinder sequence circuit shown 
in Figure 22 • 

Before operating this circuit, pre- 
dict the. sequence of actuator opera- 
tion, starting with both pistons 



1 — 

I 

1 
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Figure 22. 
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Cylinder Sequence 
Circuit.. 
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9. 
10. 



fully retracted and continuing for a full cycle of the circuit, 
this in the Data Table. 

Operate the circuit. Were your predictions correct? 
Explain the operation of each component in the circuit. 



Record 



DATA TABLE 



DATA TABLE. 



Accumulator-Pressure Intensifier Circuit 



Trial j 


Pi (psig) : 


P: (psig) j 


Initial J 


1 


1 


■ i 1 


' 2 






3 




* 


■ 4 | 


1 . 1 



Explanation: 



Cylinder Sequence Circuit 

Predicted sequence of operation:* 



Circuit explanation: 
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.GLOSSARY 



Accumulator : A device for storing energy in a nydraulic. system by storing 
hydraulic fluid under pressure. 

Check valve : A valve that allows flow in one direction only. 

Directional control valve ; A fluid control valve that controls the direction 
of fluid flow to and from components. 

Flexible hose : A fluid conductor that : - s flexible^ in use - -usually a hose 
re+flforced with wire braid. 

Noncomp ensated flow control valve : A valve for controlling the flow of 
.hydraulic fluid in which fluid flow rate varies with fluid pressure. 

Pre ssure-compensated flow control valve :- A valve for control ling the flow 

rate of hydraulic fluid in which the flow rate is the same for a M 

pressures. 

Pressure intensifies , A double cylinder and piston device used to produce 

higher pressures in pneumatic and hydraulic systems. , t 

•Pressure relief valve : A valve that opens when the pressure on its inlet 
exceeds a certain value - used, for pump protection. 

Pressure reducing valve : A valve that maintains a lower pressure downstream 
from the valve. * 

r 

Rigid pipe : A'fluid conductor that is connected with pipe fittings and cannot 
be bent - usuatfy steel pipe. V 

Semirigid tubing : A fluid conductor that is not flexible in use but. can be 
bent for installation - usually steel tubing. 

- \, 
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Sequence valve : ' A pressure relief valve used'to dplay the operation of one 
actuator until another has completed its operation. 4 — L. — 



Servo valve : A directional control valve that has feedback control and can 
control fluid flow - used for accurate positioning. 

Unloading valve : A pilot-controlled pressure relief val^e that allows a pump 
to deliver fluid at atmospheric pressure tfhile the system is powered by 
an accumulator. 



Page 26/FL-06 



17 3 



^ TEST 

1. Which of the following accumulators can be used effectively for pulsa- 
tion dampening? 

a/ Spring-loaded" type < ■ *' 

\ b. .G^s-load£d piston type I 

c. . Gas-loaded bladder type 

d. Weight-loaded type 

e. Both b and c 

2. Pressure intensifies ... 

a. niay be powered by.efther compressed air or hydraulic fluid. 
1 b. may use either compressed air Qr hydraulic fluid as the high- 
pressure fluid.^ ' 

c. can orovide continuous flow at high pressure with the proper , 
t « .val ving. . ^ ^ 

d. „ Both a and b ane^true- / - 

e. 3oth a and c are true. 

3. The raxlrnum fluid velocity in a pipe carrying 80 gpm is 15 ft/sec. 
What is the minimum allowable-diameter of the pipe? 



/ 



5.3 inches , 



b. 2.2 inches. 

c. 1.7 inches 

d. . 5.1 inches 

e-. 4.3 inches » 
Semirigid hydraulic conductors ... 
'a. are connected with pipe fittings. / 

b. are not widely used because they are too flexible'. . . 

c. y "cannot be used at pressures above 1000 psig. 
d'. ' should' never be used irrstraight lengths for short connections. 

e. are more difficult to install than rigid types. 

.Which of the following should never be used for hydrayjic oil conductors? 

a. Copper tubing 

b. Galvanized pipe \ . 



c. Plastic tubing 
• - 

d. Both a and b . • 

e. All of the above 



m 
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6. A three-way directional control valve can be used to control which of 
the following components? 

a. Single-acting cylinder ) 

b. Double-acting'cyljnder , 

c. Constant speed hydraulic motor' . . 

d. Reversible^iydraul ic motor 

e. Both a and c 

7. Which of the' following is not true of spoo] -type ^four-way directional 
Qo^ror valves? & 

a. They always block fluid flow to and from the actuator whi-le in 
the center position. 

b. They hav? nonpositive seals and allow some oil leakage at all. 
times. , - 

c. They may be designed to return the' pump output directly^to the- ^ / 
reservoir while in the center position. 

d. They are not as widely used as rotary DCVs. - 

e. Both a and b are true. 

f. Both b and c are true. 

8. Which of the 'fol lowing pressure control valves *s used to increase the 
S energy efficiency of a hydraulic system? 

a. Pressure relief valve „ - . 

* b. Pressure reducing valve 

c. Sequence valve ^ 

d. Unloading val ve 

e. Pressure-compensated valve ' 

9. Most pneumatic systems use which of the following for flow rate control 

a. Pressure regulators' 

b. Pressure-compensated flow valves t 
*c. Needle valves \ 

d. Pressure reducing valves 

e. -Both a and c - 

10. . Servo valv^ for position control include which of the following design 
^ features? 

a. They can control both direction of flow and rate of flow,. 

b. They have a stationary spool and a manually positioned valve body. 
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c. They connect pump pressure to both sides of the actuator when the 
load is in the correct position. 

d. They require electrical sensing circuits. 

e. Both a and b are true. J 




v. 

* » 

i 
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ENERGY TECHNOLOGY 

CONSERVATION AND USE * 
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FLUID POWER 




MODULE FL-07 
FLUID CIRCUITS 




CENTER- FOR OCCUPATIONAL RESEARCH AND DEVELOPMENT 



INTRODUCTION 



• f. 

Bl u t^i power circuits are always designed around the circuit actuators and 

should pe as simple as possible to accomplish the desired results. In pneumatic 

circuits*, the actuator speed depends on the rate at which the delivery system 

w 

caYi provide compressed air at the actuator and the resistance to flow in, the 
actuator exhaust. In hydraulic systems, actuator speed dependent i rely on 
the flow rate of oil, to the actuator^ 

This module discusses the basic design features of pneumatic and hydraulic 
circuits -and controls. Topics include basic hydraulic §nd pneumatic circuits*, 
speed control, motor control, synchronous operation of actuators, methods of 
increasing the speed of hydraulic actuators, and the overall efficiency of hy- 
draul ic systems, 0 . 

In the laboratory /the student will construct . two hydraulic circuits for 0 
operating the same ( component - one using a pressure relief valve and one usjng 
a pump unloading valve. TheVeff iciency of the twp circuit^ill be measured 
and compared. • • ^ 



, ; * * * PREREdUISITES' 

The student should have completed Module FL-06, "Fluid Distribution and 
Control Devices.^/ \J) 



OBJECTIVES 



Upon completion of this module,' the student should be abr^to: 

1. Explain the operation of a^ given fluid ptower .circuit and identify each 
component. t \ , * 

2. Explain the basic procedure used tn designing 0 simple hydrauVic circuits. 

3- Explain* the factors that limit the speed of operation of actdators iif*pneu- 
matic and hydraulic circuits. \^ X 

4. Explain three ipethods of flow control used in hydraulic circuits, tqm st&te 
which methods is^ used in pneumatic circuits. m - 
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'5. Draw, .label, and explain circuits for accomplishing synchronous motion 
in the following: 

a. -Hydraulic cylinders, 
(1) by series connection 

'(2) using motors as synchronizers 
fcr. , Hydraulic motors 

c; Pneumatic cylinders* f - -4 

*<6. Explain how each of the .fol lowing is used to increase actuator speed in 
a hydraduTfc circuit: / < . 

0 v a. Regenerative circuit 

b. Accumulators * * 

^ . 7 V ''Explain hov/.the speed of a pneumatic cylinder can *be .increased. ' 

*8. Draw and label hydraulic circuits with the following features and explaia 
— how each saves iff equipment cost and operating energy.: 

• ** « 

a. Puffip unloading with center position of DCV 

b. , F^Jmp unloading with an unloading valve ... 
* ' c. floiible-pump system * . 

d. , Accumulator used as a leakage compensator 

e. Accumulator in a double pump circuit 

9. Construct two .hydraulic circuits for powering the same load - one using a 
L " . -pressure reVief valve and the other using a pump unloading valVe. Deter- 
< mine the energy- consumption and efficiency of each circuit during a full 



cycle and compare the two. % ' 



SUBJECT MATTER 



FLUW POWER SYMBOLS ~ ' ' ' 

Several symbols used in fluid power schematic diagrams have been introduced 
and used in the previous modules in this course. Table 1 lists some of the 
more common graphical symbols that conform to the /^erican National Standards 
Institute (ANSI) specif ications. Many of these -symbol s will be 'used in the 
circuit diagrams in this module. Refer to this table as necessary for component 
identification. ' ' 

• % TABLE 1. ANSI SYMBOLS OF HYDRAULIC COMPONENTS. 



LINES ANO LINE FUNCTIONS 



LINE, WORDING 



UNE, PILOT a>2CW) 



LINE, DfcAIN{L<5W) 



~w 

CONNECTOR 



LINE, FLEXI3LE 



LINE, JOINING 1 



LINE, PASSING 



DIRECTION OF FLOW,. 
HYDRAULIC 
PNEUMATIC 



UNS Tp RESERVOIR 

A30VE FLUID LEVEL 
2ELOW FLUID LEVEL 



'JNE TO VENTED MANIFOLD 



PtU^Oft PIUGGEP 
CONNECTION 



RESTRICTION/ FIXED 



RESTRICTION/ VARJA3LE 



R^TRI 



x 



pumps v 



PUMP', SINGLE 
FIXED DISPLACEMENT 



PUMP, SINGLE 
VARIABLE DISPLACEMENT 



MOTORS ANO CYLlNOEjS ' 



MOTOR, ROTARY, 
-IXED DISPLACEMENT 



MOTOR, ROTARY 
V^A3L£ DISPLACEMENT 



MOTOR, OSCILLATING" 



CYLINpER, SINGLE-ACTING 



CYLINDER, 0CU8LE-ACTING 



CYLINDER, DIFFERENTIAL 
ROD * 



CYLINDER, OOUj 
END ROO 



CYUNOtS, CUSHIONS 
3CTH ENOi 



1 ■ ■ ~> 
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Table 1 . Continued. 



7 



MISCELLANEOUS JNIZS 



DIRECTION OP *C T ATI0N 
v ARROW IN r^CNT Or SnAFJ) 



COMPONENT ENCLOSURE 



RESERVOIR, VENTED 



RE5ERVOI8, PRESSURIZED 



PRESSURE GAGE 



TEMPERATURE GAGE"- 



FLOWMETER „ FLOW RATE) 



ELECTRIC MOTOR 



ACCUMULATOR, SPRING K 
LOADED 



ACCUMULATOR, GAS 
CHrf.RCSEO ' , 



? !L?ER OR STRAINER ' 



HEATER 



COOLER 



o 



0 



TEMPERATURE CONTROLLER 



iNJENSlfHER 



PRESSURE SWITCH 



\ t 



8ASIC VALVE SYMBOLS 



tH€CK Valve 



manual Shut off 

VALVE 



basic valve 
Envelope 



-VAtVE,; SINGLE FLOW 
PATH, NORMALLY CLOSED 



-Q- 



sask; v^lve symbols cont., 



VALVE, SINGLE FLOW 
•PAJH, NORMALLY OPEN 



VALVE, MAXIMUM « 
PRESSURE RELIEF) 



3ASIC VALVE SYMBOL, 
, MULTIPLE FLOW PATHS 



FLOW 'PATHS 3LOCKED 
*N CENTER POSITION 



Mv^TiPLE FLOW PA T.MS (ARROW 
SHOWS FLOW DIRECTION) 



t Tl.V 



VALVE EXAMPLES 



UNLOADING /ALVE, 
INTERNAL DRAIN, 
REMOTELY 0°SRA' r ED' 



DECELERATION /ALVE, 
NORMALLY OPEN 



SEQUENCE VALVE, 
DIRECTLY OPERATED, 
EXTERNALLY 0 RAINED 



PRESSURE REDUCING 
VALVE 



COUNTER BALANCE 
VALVE INTEGRAL 
CHECK 



^TEMPERATURE AND 
PRESSURE C0MPSNSAXE5 
fLO^ CONTROL .VITH 
INTEGRAL CHECK 



DIRECTIONAL VALVE, 
• TWO-POSITION, three - 
* CONNECTION 



OlHECTIONAL VALVE, 
THREE-POSITION, FOuR- 
CO'NNECTION 



VALVE^ INFINITE 
POSITIONING (INDICATED 
BY^ORIZONTAL-BARS) ■ 



'» it 

7* ! . 



t ' 



• t 
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mEImOOS Of bPERAHON 




METMOfiS OF OPtRAIlON^ i *; 


PHESSokE COmPEn^aIOK 

! . * - 


rq 

»' & 




6 ITT 

LEVER * ' 




1 


r 




PILOT PRESSURE 


est 


MANUAL 






SOLENOID ' a 




MECHANICAL 






SOLENOID CONTROLLED, 
PILOT PRESSURE OPERATED 
S 


t \ 


PEDAL OR TREADLE c , 


£f 1. 




SPRING c J 


«C \ 


PUSH auTTON 


•1=( 




•SCRVO 


SET. . 



BASIC H/PRAULIC CIRCUITS 



Basic hydraul ic -circuits are widely used to power a singly actuator. • This 

discussion centers on the operating principles of simple circuits, which also 

° , * . * . ■* . 

govern the operation of more complicated circuits. 



CyLIWER CIRCUITS 



1 



The simplest hydraulic circuit is one us^d to power a single-acting cylinde 
Such a circuit consists of a Jiydraulic power unit; ,a single-acting cylinder; a . 
three-way, two-position directional control valv^for directing* flow tcand, 
from the cylinder; and adequate piping to tran^ort (he oil. /(Such a circuit 
was constructed in the Laboratory section of Module FL-01 , "Introduction and/ 
"Fundamentals of/luid Power. r */ 

All hydraulic cjrcw4T37^re designed around tile circyit^actuators- fn the 
simple single-acting cyl^Wr circuit, the cylinder is chosen first based on «the 
load, extension distance, $nd circuit pressure,. The pump is c'hosen for proper 
operation in the desired pressure range. The deliver rate of the "pump is chosen 
to give the correct operating speed ofthe actuator based on the 'volume of fluid 
necessary for full extension and the desired extension time. A .pressure relief 
valve protects the pump and establishes maximum system pressure. .Piping Is , 
sized to agpommodate full pump delivery *with an acceptable fluid velocity, 

usually less^than 20 fas. 'The directionaTcantrol valve (DCV) is selected to 

■ ^ « . % 

give the proper-otfcxiit functions. All components should have fluid ports large 
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eno.ugh to maintain the fluid velQc'ity a't an acceptable value. If the ports 
are too small, the flow may be restricted enough to partially open the pressure 
rejief valve and the cylinder speed w.ill be less than desired. .Turbulence in 
small ports will afso consume power and produce heating of the hydraulic oil. 

Figure 1 shows a circuit for operating a dpuble-ac^ing cylinder, which is 
slightly more complex. It is controled by a foyr-way r DCV. ff the Jeft envelope 
of the valve is used, the cylinder in this circuit is. retracted.;" if the right 
envelope'is used, the cylinder is extended. At the end of its travel ^in either 
direction/ the piston stops and oil flows through* the pressure relief valve to 
the reservoir. .The system pressure is maintained x at the maximum by the pressure 
relief valve. A two-posit s ion valve has only two possible positions and cannot 
be- used to stop the* 1 pad .at an intermediate point. ^.The three-position valve in 
Figure 1 has a center blanked position' for stopping the load at any desired 
point. . ' \ ' ■ 

During the retracting stroke of thfe 
double-acting cylinder, oil enters the 
rod end of the cylinder ,at the pump. 'del iv- 
ery rate. Because the rod occupies some 
of the volume of this end of the cylinder, 
the -piston velocity is greater than for 
the extension* stroke (and the force pro- 
duced is* less). The faster motion of 
the piston forces o^out of the b Tanked 
end of * the cylinder at aerate greater, 
• than the' .pump delivery rate. * Fluid con- . 
ductors, which carry oil from the blanked 
end of the cylinder back to the reservoir, 
must be sized for this higher flow rate 
or flow restrictions may;occur. 

The .simplest* circuit for controlling a jiydraul ic motor Js one for a pon- 
stant sp.eed motor that rotates in only one ftirection,. {he circuit* control con- 
sists of a two-way. valve that turns fluid flow to the 'motor ON and OFF. The 
motor drains*, directly to the reservoir. h - " N ^ 
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F-fcjure 1 . Three-Po v $ition, 
-Four-Way Directional Control 
Valve Used to Control Piston 

Movement in the Cylinder. 



MOTOR CIRCUITS 



9 

ERIC 




Figure. 2. shows the simplest cir- 
cuit for operating a reversible hydrau- 

• lie .motor at a constant speed. The 
controls "bf this circuit are identical 

^to those of the cylinder circuit in 
Figure h.^This circuit is designed — 
around the specifications »of the^fluid 
motor chosen. 

t SPEEV CONTROL 

In many circuits, the speed of 
operation of afctuators must be con- 
trolled. -This is accomplished with 
flow control valves, which can be 
applied in three ways. Any of the 
three methods discussed can beXised 
to control the speed of actuators or 

motors. ■ « 

Figure 3 shows metering-out or exhaust flow cofttrol . In this circuit, the 
forward movement of the>iston is controlled by the adjustable orifice in the 
flow control,* which controls* the volume of oil exhausted from the cylinder on 
-its- forward stroke. The extension velocity - * . 

of the piston 'is set by a flow control valve 



Figure 2. Closeu-Center , Three- 
Position, Four-Way DCV -'Jsec zo 



Control a Hydraulic Meter -cr 
Rotation in Either Direction 



located between the piston exhaust port and # 
the DCV. This valve limfts ttje,flow from* 
the rod end of the piston and , thus, Tintfts 
flow Moto the blank end of the piston for 
extension. 

In. Figure 4, a similar flow control 
valve' is lo cated in the-power line be- , 
tween the DCV and the piston and re- 
stricts flow into- the. bl.ank end of .the 
piston, thereby limiting the extension • 

speed: This is ca'lled meterinfl-in flow control . In both.cases, a check valve^ 
is. included to a.llow' full flow around the flow cotarol valve during the 



..1 . 

FROM HYORAUUC PQYjBR SOURCE 

Figure 3. Metering-Out tm~ 
Exhaust Flow Control. 



■ft 
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FROM HYDRAULIC POWER SOURCE 

Figure 4. Metering-in 
Flow Control . 



m: 
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V 



retraction stroke. When flow is limited in 
either of these ways, the excess output of .the 
pump is returned to the reservoir by the pres- 
sure relief valve. The' flow valve in figure 3 
is a noncompensated v,alve andfwill work properly 
only tf the system pressure is maintained near 
the maximum value. The vertical arrow in the 
valve symbol in Figure 4 indicates that this* 
valve is pressure compensated and will control 
the flow at any pressure. Such valves are also 
available with temperature compensation to main- 
tain. a constant flow as oil viscosity changes 
with temperature. 

Figure 5 illustrates B^eed-off 
flow control in which a portion of the 
~~~ pump delivery is passed through a flow 
control valve back to the tank. The 
cylinder speed is reducejr because it 
only operates on the portion of the 
flow that is not passed by the flow 
control valve. 



FROM HYORAUUC cPOWER SOURCE 



; Figure 5. ■ "Bleed-off " 
Method of Controlling Piston 
Movement in a Cylinder. 



'A 



BASIC PNEUMATIC CIRCUITS- 



Basic .pneumatic circuits are similar to basic.hydraul ic circuits but are 
somewhat simpler since the working fluid is not returned to the system. All 
pneumatic circuits employ the bas*^ principles presented in the, following para- 
graphs. , . , 
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CyLIWER CIRCUITS 

The basic circuit design for air cylinder operation is the same as for 

hydraulic cylinders except the working fluid is exhausted just past the DCV rather 

than being returned to the system. Figure 6 shows a pneumatic .circuit for double- 
• acting cylinder operation. Like the ~ -* 

hydraulic circuit shown in Figure 1, this* 

Circuit allows the load to be stopped at 

any. point along its travel. Since air" > 

is jrompressible, accurate positioning 

is not possible and the piston is likely 

to move if the load ori it varies. • 
The speed >of operation of the air 
. cylinder depends on the rate at which 
^compressed air can be delivececNto ope 

side of the piston and exhausted nrom the 

otfer. .S.ince compressed air is stored in • 

a tank under pressure, the capacity of 
. the fluid conductors - not the compressor, 

capacity — limits the speed of actu- 
ators. Increasiag, the diameter of the 

. n . mrSMA , thfl Figure 6; Three-Position, Four- 

pipes will increase the speed of the. . jj ay ^ u$ed tQ HaU pistQn 

cylinder. Movement of the Cylinder at 

. This cTcuif also shows the filter- • . intermediate Stops. . 

regulator-lubricator unit. This component s*hou1-d be located inj^he air line 
to each pneumatic circuit as close to the actuator as possible. In cases of 
a long air line' from a control valve tp an actuator, an additional lubricator 
may be required at the actuatSK The remaining pneumatfc circuit diagrams in 
this module do not show the FRL* vm t * but it should always tie assumed to be 
present. . , 

MOTOR CIRCUITS ■ . ' " f 

The circuits for operating air motors are similar to those for hydraulic 
motors except that air. motors .usually exhaust "directly to atmosphere.. Figure 
7 shows a sligttly more^mpl icated control scheme using push-button valves 
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START 



STOP 



4^ 
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Figure 7. 



Push-Button Control of an 
Air Motor. , 



HZ> 



FflOM 
AJR .SUPPLY 



T 
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for pilot control of the DCV\ This 
non-reversible air motor could also 
be operated with a manual DCV of 
similar design. Air motor speed 
varies with the load on the motor 
but also depends upon the rate at 
which air is delivered to' the motor. 

SVEEV CONTROL 

Speed control of pneumatic systems 
is accomplished by metering the flow 
into or out of the component. Pressure 
line metering is usually avoided with 
cylinders because it can result in 
erratic cylinder movements. Most pneu- 
matic flqw.^ontrols consist of adjust- 
able needle valves on the exhaust side ' 
of the component. 

The speed of an actuator can be 
varied by the ^circuit shown in Figure 8. 
The rod end of the^ cylinder is conrtected 
to a component containing a two-way 
valve* a check valve, and a metering 



Figure 8. Cam-Operated Speed Control 
Used to Provide Two Different 
v . Pis-tOTi Speeds 



valve. The switch is operated- by a cam 
on the piston rod. At" the beginning -of 
the extension stroke, the two-way valve 
is open apd the ajlr in the rod is vented 
Ub atmosphere. This gives the greatest 
piston velocity, ^ff^n^t^ cam actuates the va^ve, aif* must exit the cylinder 
through the flow valve. *The-check valve allows full flow in the opposite direction 
for rapid Retraction. This control circuit can be used to move a load at two difr 
ferent .speeds or "to decelerate the "piston to reduce ^shocks. 
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The' speed of air motors cannot be closely control Ted unless the load \i 
constant. The speed is usually adjusted by a metering valve on the exhaust 
of the air motor. I 

MULTI -PRESSURE CIRCUITS , , ' 

Pneumatic systems, of ten operate at several different pressures. V/The main 
air supply usual lyjhas a~pressure of about"90 psig. Regulators for yfeach circuit 
are set to reduce the line pressure to that required by the" circuit: Pilot- 
control'led circuits 1 ike the one illustrated in Figure ? often use pilot control 

a 

pressures of 10 psig. ' 

In some cases, two different working pressures are required in "one pneu- 
matic circuit 0 . -The aar-pbwered chuck shown in Fi-gurei.9_requires a large holding 
ftirce during deep rouah cuts on the. part 
being machined anjj a lighter holding force 
.during finishing cuts to prevent distor- 
tion of the part. The large force is 
applied by actuating the right solenoid" 
valve. This applies^jfyYl circuit pressure 
to the rod end of the piston. When force 
reduction is required, the left solenoid 
valve Is actuated, which channels lower 
pressure air from a second regulator to 
the bTank end of .the cylinder. This accom- 
plishes a specific reductioluin holding 
force* Pressure reducing valves perform 
the same function in hydraulic circuits. 
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REGULATOR 
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Figure 9. \ Pneumatic Circuit 

Designed \for # Two-Pressure 
Operation in Conjunction* with 
Power Chucking ^Equipment. ■ 



1 *^ SYNCHRONOUS MOTION 

In many fluid power applications, the motion of t two or more actuators or 
motorrmust be synchronized. Various methods of accomplishing .synchronous ma- 
tion afre discussed in the following paragraphs. ^ * V - 

• 9 h 9 
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Figure 10 shows a simple method of synchronizing two hydraulic cylinders. 
The cylinders are connected in series so that the oil flows from the- rod end 
of cylinder A to the'blank end of cylinder B on the extension stroke. If the 
cylinders are the same size, they wyil both extend at ,fixed rates, but A will 

extend more rapidly and move farther 
than B. In order to produce synchro- 
nous<motion, the area qf the piston 

s 

in cylinder B must equal the differ- 
ence in areas of the piston and 
rod in cylinder^ A. The pump must 
be capable of delivering a pressure 
| that will pfwrae"the total driving 
Worce of both pistons on the piston 
in cylinder A. Half this force 
will "be transmitted to the piston 
in cylinder. B. These restrictions 
make this circuit undesirable for 
many appl ications. 




Figure ID. Cylinders 
Connected in Series. / 



j 





/Figure, 11.- Syrrchrontzat+QB .of 
Three Hydraulic Cylinders* 



FLUID MOTORS AS SYNCHRONIZERS 

Figure 11 shows a simple method of 
synchronizing several identical hydraulic 
Cylinders. Each cylinder is connected in 
series with a positive-displacement pump. 
The punip shafts are connected so that all 
pumps rotat^pogether. The pump and cyl- 
inder combf nations are connected in par- 
allel . 'This produces excellent synchro- 
nization of any number of r cylinders. 
Cylinders of different sizes *can be ^yn- * 
chronized tf the pump displacement, fqr 
,each, cylinder^' s» changed accordingly. 
The major disadvantage fffi this system is; 
itd ctfSt. ^ever41. % crther methods may be 
used to synchronize iiydrautic. cylinders . 



AU.CVL1MVERS 



' Since air is a compressible fluid, it cannot be used as a synchronizing 
medium. Air cylinders ar^often synchronized by using air and oil cylinders 
tandem, as-shoWn fa Fiugre 12. Each * . 

air-oil cylinder consists of a 
double-acting^air cylinder and a i 
double-acting hydraulic cylinder 
with a common rod. Compressed air 
is delivered to^all air cylinders, • * 
jn parallel for actuation together., 
The series hydradulic Circuit 
causes all pistons tcunovp together. 
' Th,is is one of the best synchro- 
nous ^circuits and is also used in 
hydraulic power systems. ^ 



in 



HVVRAULK MOTORS 



Fixed-displacement hydraulic 
motors can be synchronized by con- 
necting them in 'series, as shown 
in Figure 13. If the two" motors 
have the' same displacement, they_ 
will rotate together. Aa with 
series piston circuits, the pump 
must be' able to deliver lufficjent 
pressure at the first motor in 
the circuit to*drive the loads of 
'both- Air motors: cannot be syn- 
chronized • 




Figure 12. "Synchronous Operation 
of Three Air-Oil Cylinders. 



C2Z ; 



i 



if 2 




Figure "13,. Two Identical Positive- 
Displacement Motors Connected in Series. 
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ACTUATOR SPEED 



r 



a 7 

In some applications, the speed of fluid^ower actuators must, be Increased 
beyond that which is available with the simple circuits discussed ear/lier. This 
section discusses how this may be accomplished iji. pneumatic and hydraulic cir- * ** 
cuits. m ' ■ ' f ' ■ \ ? 

pneumatic cntuvrs - ' 

* » 

The* speed of a pneumatic actuator can be increased by increasing the air - 
delivery capability of the high-pressure piping and controls or bf decreasing 

resistance. to airflow in the exhaust - 
line. Figure 14 .shows a qutcR-exhausJ: 
valve used to increase xirij DperatirKj , 
speed of an air harcmer>>^ith the valves 
in the position showns *ai raters the 
rod end of the cylinder 4 and raises the 
, load* When the DCV is moved to the either 
position, the air in the pilot chamber 
of the exhaust valve is exhausted .through 
the DCV. The spring, return of the exhaust 
valve pushes its spooMjpward, venting* 
the rod end of the cylinder directly 
to atmosphere at a location near the 
cylinder! . 



A 




FROM AIR 'SUPPLY 



Figure 14.^ Qu,ick-Exhaust Valve 
Used to Increase Piston Speed 
in the*Cy1 irfder. 



HWRAULK CIRCUITS 



The speed of hydraulic actuators is limited by the rate at which the pump 
can- deliver hydraulic- fluidT Speed can be increased *only if the 'fluid delivery 
rate can 6e increajsjgd. Economics and efficiency often demand that this be 
accomplished v/itfiout increasing puftp capacity. Figure 15 shows a simple method 
of increasing the extension velocity of a double-acting hydraulic cylinder,- 
This is caljed a regenerative circuit because the oil in the-rodvend of the 
cylinder is channeled to the blank dnd during extension. The extra volurrte of 
oi? extends the cylinder fiiore rapidly. Because both ends of the cylinder are 
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Figure 15. Regenerative 



ACCUMULATOR 




at equal pressure* during extension, the 
effective force-tproducing area fs the 
area of the piston rod. Thus, the regen 
erative* circuit trades maxmium force for 
increased speed. Other methods of pro- 
viding the^increased flow pafcfe fcu^rapid 
actuafB^movement during part of a cycle 
are discussed* in the following section. 

Figure 16 shows an accumulator 
used to increase the operating speed of 
a hydraulic cylinder in both directions. 
When the XV is actuated, the flow from 
the pump is supplemented by flow from 
the accumulator to increase the flow 
rate inro the cylinder. The increase 
in sReed is dependent upon 

.the capacity of the accuitfu 
Tator and the size, 0/ thereon 
necting pipes. Pipes and 
valves between the accumu-* 
litb'r and the cylinder should 
be enlarged tQ accommj 

'-the "Increased" flow rate.^ T 
pressure rejief valve in. 
this circuit may be* replaced 
by 3 pump unloading, valve, 
as describe^ in „the next 
section of this module. 



EfiERGV EFFICIENCY IN HYQKMILIC CIRCUITS v * o 

/Fluid power systems nave varying power reqtnremerits during d'ifferent v part$ 
of their operating cycle. In pneumatic systems, the compressor stores the work- 
ing, .fluid under pressure and, when the sn^rgy is used^|the:{>ower requirements^ * 
hav£ ljttie. effect cln system jeffjeiency/ Hydraulic 'pjump's,;dn the other hand,^- 
deliver fluid .at a constant flow rate, whether the system requiresXit* or Hot. - 

x ' ) v ' ■ ■ ■ : ' , . '"• < v s ^ 



T 



Figure -16- "Accumulator as' an 
Auxiliary Power Source, 
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The power required by the pump drive increases delivery pressure, as de- 
scribed in Module FL-04, "Pumps and Compressors .J' When a hydraulic system with . 
a pressure relief valve requires no oil f*low, the pressure relief valve allows* 
the pump delivery to flow back to the reservoir while maintaining the maximum 
system pressure, 'This requires the maximum power input on the pump drive. The 
input energy is 'diverted to heai in the oil by the pressure relief valve. 
Thus , -wHeiK such- a^system does not work, it consumes the maximum amount of energy 
and creates the greatest* amount of heating to. hasten the decomposition of the 
oil ^fd seals. Higher pressures and temperatures. al so promote pump .wear and 
failure. The energy efficiency of a hydraulic system can be increased by re- 
.ducing the amount of fluid flowing through pressure relief valves'. This may 
be accomplished in several- ways', depending. on system requirements. 

PUMP 'JSILGAVm * - 

t 

* * 

Pumjj unloading in a hydraulic system consists of reducing the p-ump delivery 
pressure to' near atmospheric"in order to reduce its input power requirements to 
the minimum value while the pump output is not needed. ^)ne^ simple method of 
^'unloading a pump .is- to i/se a three-position, four-way DCV with a center con- 
nection ^hat retgrns the pump output directly to the tank. If a circuit such 
as the^one sh&wn -in Figure 1 is used for" holding a load in € fixed position 
r any length.* of time, this simple change can greatly increase its efficiency 

and the°life of the oil and components.* 

Figure 17 shows the use of \ pump unloading 
valve. This is 1 a pilot-operated vaJ've that 
allows the pump output to flow to the reservoir 
at atmospheric pressure as long as a preset * 
pressure exists at the 0 pilot port. The check 
valve permits fluid from the system actuators 
to flow through the Unloading valve and maintains 
the pressure in Jhe system. This valve unloads 
the pump any time\its output is not needed to 
move the* piston. k • 
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Figure 1,7. Simple Pump 
Unloading Circuit. 



Page 16/FL-07 



VOUBLE-PMP HWRAULK* SYSTEMS 

T Hydraulic systems for operating presses of,ten require a large flow rate 
at low pressure for extending the piston until" contact is made with the work . 
piece and a low flow rate at. a much higher pressure for£he forming operation. - 
This can be accomplished with one large, high-pressug? Dump; however, such pumps" 
are very expensive and have other drawbacks as well. During rapid extension', 
they would operate at Iqw power. During the" pressing operation, most on thai r* 
fluid delivery would be forced through a pressure rel ief .valve. 

The most economical solution to this problem for most such applications 
is the double-pump circuit? shown in Figure 18. Both pumps can be driven by 
the" the same power source. During \ - 
rapid extension of the piston at low 
pressures, both pumps deliver fluid 
to the system. % When the rod en- 
counters the work piece, the pres- 
sure' increases, thereby closing the 
check valve above the low-pressure 
| pump and opening the pump unloading 
valve. The high-pressure pump pro- 
duces the necessary pres-sure at 'a lpw 
flow rate. The' excess flow from this 
pump 'goes through the pressure relief 
valve, but this fluid volume is 
usually, so small that there is little 
heating effect in the total fljuid 
volume of the system; 
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Figure 18. Double-Pump 
<- Hydraulic System. 



USE OF ACCUMULATORS TO^ IMPROVE SYSTEM EFFICIENCY 
• 

Figure 19 shows the use of an accumulator to reduce the size of purrtp nec- - 
essary for a hydraulic system in order to increase system efficiency. .The 
accumulator increases the actuator speed" above the speed available with the 
pump alone and acts as an'auxiliary power source for holding, and compensating 
for leakage. A pressure-actuated electrical switch turns the pump. off when 
it is not needed, reducing the power consumption to zero during extended holding 
operations. f * 
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Figure 19. Accumulator as a Leakage Compensator. 



uSfr-WOCCtttlULATORS IN HIGH- LOW CIRCUITS 



Figure 20^shov/s^an energy efficient dual power hydraulic circuit using an 
accumulator as an -auxiliary power "source. The figure shows the circuit with 

the valvefs positioned for rapid exten- 
sion^of'the piston. Fluid flow 1s pro-' , 
vi.ded to the cylinder by the high-pres- 
sure pump, the ^low-pressure pump, and 
the accumulator. When the pressure in 
the cylinder rises above^the pressures 
of the accumulator and low-pressure pump, 
the cmagk t va1ves in ►the lines from these 
components close. This pressure-also 
actuates the pilot-controlled DCV direct- 
ing the output of the low-pressure^ pump 
to the actuator to recharge it. The 
check valve below the accumulator prevents 
any reverseTTow from the accumulator 
and allows the use of a pump unloading 
valve*for the low-pressure pump'. An* 
unloading valve is also used with the 
high-pressure pump. The check valve 
above it maintains pressure for holding 
operations while the pump is unloaded. 
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1 Figure 20. Accumulator as an 
• Auxiliary Power Source. 
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' SUMMARY ' , 

" ■ '\ ■ { 

Fluid power circuits, are always designed aroun\the circuit Actuators and 

the functions they perform". In pneumatic systems, the speed of an actuator 
is determined by thejHow rates- in the air delivery system and the resistance ■ 
to How in the exhaust- ports! In a hydraulic system, the maximum flow-rate 
is the delivery rate of the pump, unless special circuits or % components are^sed 
to provide auxiliary flow. The piping of hydraulic systems., is sized to present 
\ttle resistance to fluid flow. 

. Speed control is accomplished in hydraulic circuits by the use of flow 
control valves in three locations. In pneumatic circuits, flow control is 
usually applied to the exhaust port for smoother cylinder operation. Hydraulic 
cylinders can be synchronized by" 'connecting appropriate cylinders in series 
or by using^ptral'leled positive-displacement pumps as metering devices to supply 
each cylinder' with the same flow rate. Compressed air cannot be used as a syn- 
chronizing fluid', but-air cylinders can be synchronized by using air-oil tandem^ 
cylinders with a closed" series hydraulic circuit connecting the oil cylinders. " 
Fixed-displacement hydraulic motors can be synchronized by simply connecting 
them in series. The speed of hydraulic cylinders can be increased by using 
"a 1 regenerative circuit, by usyig an accumulator as an', auxil iary power source , 
during fast extension/, or by using a dual pump system. 

The key to increasing the energy efficiency of a hydraul ic .system is to f 
reduce the amount of oil that flows through pressure relief valves. This is 
•usually accomplished by unloading the pump so its. delivery pressure is atmo- 
spheric presrore. , • 

■• ' • • , r v 

< * 

* , .. EXERCISES 



i 




Abe the operation of the following circuits, starting with. the cylinders 
retracted in each case. Explain "the purpose of each component. 
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2. Redraw the circuit shown in* Figure 1, showing the use of a pump unloading.- 
valve and an accumulator acting- as an^auxiliary pump source and leakage \ 
compensator/ - 

"3. Draw a simple flifid circuft showing" the synchronous" operation of three. 
double r rod hydraulic cylinders. 

4, Consult the library, and draw and describe at least one method of synchro- 
nizing the* fluid power actuators not disTcussed in this module. 

5. Explain three methods of speed control ifl hydraulic circuits* 

6; In the regenerative circuit in Figure 15; the. rod area is one-half the 9 
piston area. If the .pump Olivers fluid at 20 gpm,. v<hat \s the flow rate 
into tha blanked end of the "cyl i-nder during extension? Explain. 



Page 20/FL-07 

ERIC 



197 



Explain how each of tjie fol 1 ovyi ng can increase the efficiency of a fluid 
power system: * 

a. Pump unloading valve * • ^ 

b. Double-pump system • ' \ 
c\ Accumulators, used as auxiliary power sources 



LABORATORY MATERIALS 



Hvdraulic power uijit 

Four-way, tnree-pasit.ion.JlCV with blanked center 
Double-acting hydraulic cylinder with fri ction-type loading device 
Check valve \ 
Pressure relief valve' 
Unloading ^val ve 
Connecting hoses 
Electrical wattmeter 
1 Stopwatch . 
English scale - . * 



LABORATORY PROCEDURES 



T\ Construct the fluid power circuit shown- in Figure 1 of this module, 
'2. Connect the wattmeter to the electrical input of the hydraulic power unit. 

3. \ Operate the, circuit to' assure proper operation. Set tension on loading 

* » ■ * 

deyi'ce to produce near the maximum pressure during the retraction stroke. 

4. Operate the circuit and measure the quantities listed in the Data Table. 
All powers are electrical input power measured in watts. 

5. ' Calculate the total energy consumed by the power unit during a cycle, 

including a holding time of 20 seconds.- Convert the answer to foot-pounds 
,i(746-J = 550 ft-lb.) ' 
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6. Calculate the mechanical work done by the cylinder during the cycle/ This- 
can be done by first determinirtg the force exerted by the piston for ex- ! 
tension and retraction strokes by multiplying the pressure for eac-h stroke 
times the effective area for that stroke. Work for each strafe is the 
product of force and piston stroke. Express the total work for the cycles 
*in foot-oounds. . , 

7. Calculate the overall efficiency of the cylce based on the electrical in- 
. put energy and the mechanical work done. • 

,8. Di sassemble.this circuit and construct a similar circuit using a pump un- 
loading valve. This is the circuit from Exercise 2 without the accumula- 
tor. This circuit must include a check valve in the pump outlet line. 
Have instructor inspect the circuit. Do not change the tension on the 
cylinder loading, device. 

9. Perform Steps 4 through 7 using this circuit. 
10. Compare-the operation and efficiency of the tfto circuits. 



f 

\ 
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DAJA TABLE. 



DATA TABLE 



Circuit vit.n Pressure Relief /alve: 



^iston strode. 



Extension vre: 



detraction vre 



^cwer earing ex ten si : 



'Power during retraction: 



Power aurmg noldm$: 



Pump ae! i very .pressure during extension: 



, 5 ,n«o delivery oress^re ^r">g ^etractu 



2 uro deliver pressure ,dur* ng not-i'ia: 



>-<i , : seo *0'* ;yc"e ^r.^ no :< *g :* ^ seconds: 



ri^an- ; 



istcn strode* 



\ 



intension ::Te: 



^etrscfcn tire: 



-o^e r dur" *q extension 



'?wer 3w r Vi3 **e -ractldn . 



-owe^ 3ur"ng ^coing. 



,-jnp 3e'ive*"y ores sure curing extension. 
Pump ,ael i very pressure dun ng'^tnction: 



Pumo delivery pressure during nolding: 



Calculation: 



inera* jsec -or cycle with noising ::~e 0/ 20 seconds: 



"''ec.nanica* *or< % aone: 



Cycie erriaency: * 
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GLOSSARY 



Ai r-oil cylinder : A tandem cyl inderj.consisting of an air cylinder and an oil 
cyl inder with a common rod, us.ed for synchronizing the operation of pneu- 
matic cylinders. - " 

Bleed-off flow control : 4 Hydraulic flow control in'which a portion of the pump 
-delivery is allowed to flow directly to the reservoir. 

Double-pump circuit : A hydraulic circuit using a high-volume, low-pressure 
pump for rapid cylinder extension and a low-volume, high-pressure pump 
* for exerting large forces^on v a load that is nearly stationary. 

Metecing-in flow control : Fltow control in which the flow rate of oil entering 
a cylinder or motor is controlled. 

Metering-out flow control : Flow control in which the flow of exhaust fluid 
T from a, component is controlled. 

Pump unloading :. A method of increasing system efficiency by delivering the 
full f^oy of the pump to the reservoir with atmospheric pressure at the 
pump outlet 'port while no fluid flow i,s required by the system. 

Regenerative circuit : A hydraulic circuit in which the oil exiting the' rod 
end of the cylinder on the extension stroke enters 'the blanked end to 
increase the rate of extension. 

' ' . . ■ ' " "v - 
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TEST 



1. In % a properly designed basic hydraul ic v ci rcui t, the speed of an actuator 
depends on . . , * . ' c 1 

' a.) the delivery rate of the pump. v " . , " , 

b. the resistance to fVuid .flow in the high-pressure fluid conductors, 

c. , the resistance to fluid ^flow ™ the exhaust Unes. 

d. Both a and c are true. -v • 

, » e.„ All af the abo-ve are true. . 1 

2. In a properly* designed basic pneumatic circuit, the speed of an actuator 
depends upon 

a. the capacity of the compressor. . 

b. the resistance to fluid flow in the compressed-air delivery lines.' 

c. the resistance to fluid flow in the exhaust lines. 

d. . Both.b and'C are true? ' • 

e. All of the above are true. - * 

3. Which'Of the following speed control methods is most common- in pneumatic 
systems? - * . 

•a. Metertng«rin flow controT - * t * / 

b. Metering-out f]ow control ^ V 

c. Bleed-off flow" control \ 4"-', 

d. Both a and b are used about equally,'* 

e. All are commonly used. 

4. The first component selected in the design of basic hydraulic systems 
is the ..." . * *~\ . 

a. . pump. 

b. control* valve/- 

c. cylinder. * - 

d. piping. . • • • ■ 

e. pressure relief valve. 

5. In the most common type of simple hydraulic system, the pum> requires th£ 
greatest irtput power during . .. ' \ 

a. piston extension against a load. 

b. piston retraction with no load. r< • 
' *c. ^holding at full extension with no piston load. 

d. -holding at full retraction With no piston load. 

e. * Both c and jd are true. 
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.6. Hydraulic cylinders cannot be synchronized by which of the following means?* 

§. Connecting two cylinders in series with the piston area of one equal 

^ tQ the .difference in piston and rod areas of the other . 

^b. Connecfing-identil-al double-rod cyfinders in series 

' • c. Using identical tandem cylinders ^JTth the forward cylinders of each 

* • .tandem cylinder connected in ,a closed series loop 

* * 

v ^ . d. Using hydrauli-c pumps with their output shafts connected as metering 
devices for cylinders '- • ' ' - 

e. None* of the above are true. (All maybe 'successfully used. J - 

i • - . • 

7. The speed of a hydraulic actuator cannot be increased j?y . . . 

a. using an accumulator as an auxiliary power s,ource. 

b. using a low-pressure, high-volume*pufiip for part of the" extension 

• cycle. 

, c. . increasing the size of the fluid conductors. - * \ . 

"■d. increasing the* maximum pump, del i very pressure. 
e\ Both c and d are true. , % . " 

8. The most important factor in increasing the energy effici enty pf a hydrau- 
lic power system is . . ; ■ - 9 ^ . 

*a" decreasing the amount # .of fluid flowing through pressure relief .valves. , 
c*b. decr*eas,ing the amount of energy lost because of resistance to flow-in 

* fluid conductors. t 

c. using 'lower operating pressures. x 
d: v usi rig higher operating pressures. \ 

e: Both a and c are equally important.' * - 
% Which t)f th.e following circuits does not normally include a check valve? 

r 

a. Pump vUnloading circuit'* . " 
"b. ' Double-pump -circuit ^ 

c. . Accumulator used as a leakage compensator 

d. ^Exhaust flow cGntrql\circui£ - * * 

e. ' Nope of : the above are true. (AH normally require check valves. ) 
'10^ Replacing a pressure* relief system wi\th a pump unloading system will 

• usually t^esult in ... 

"a. lower "oil pressures... . * . 

b. higher; oi 1 temperatures. ' ; „ ; , 
c: longer oil life. 

d;^ loriger punjp Tife. 1 1 * 

e. ' Both c and d are true. * ' * " ' 

• - ' 
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INTRODUCTION 



Troubleshooting fluid circuits is the process of locating and correcting 
malfunctions and failures in fluid power systems. In many cases, this can 
be, difficult and frustrating because the cause of many fluid power problems 
m&y not be readily apparent. t)h ^ is p articularly true of hydraulic systems 
where a variety of prbbleips may- arise in the components of the hydraulic power 
unit. The variety of fluj,d r power components and the variations and complexities 
of fluid power circuits njake descriptions of detailed troubleshooting techniques 
for specific circuits and components a task beypnd the* scope of this module.^ 
"The intent of this modale is to give general guidelines that can be 'applied 
to troubleshooting in any fluid power system. Topics discussed include the 
causes of most fluid power failures, Mawing instrument's used for trouDle- 
shooting, and common measurement techniques. A variety tff* failure symptoms 9 
are listed and the possible. causes of eacn system are given. The discussion 
also. includes safety circuits, precautions, necessary for troubleshooting safety 
circuits, and safety regulations. . . . 

In the laboratory the student wi'll perform troubleshooting procedures" 
on fluid power circuits and prepare a. report of the Condition" of °t\\e circuit 
and any problems located. . 



X ' * PREREQUISITES 



The student should have completed Module FL-07, "Fluid Power Circuits." 



OBJECTIVES 



Upon completion of this moduTe, the student should jDe-able to; 
1, Explain the purple of troubleshooting in fluid pdwen systems. * . 4* 

*-*Z. 1 List and explain seven causes of' failure in fluid power- systems. .Include 
tfie steps thatjnust be' taken to prevent each. * . * 

3, \ List and explain 10 mistakes that are sometimes made in fluid power in r x; - 
* spallations; * - j 
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4. List- the- three quantities usually measured in hydraulic circuit trouble- 

* 

shooting, and describe the instruments used for the measurement of each. 

5. Draw and label % diagram of a hydraul ic circuit tester and explain its 
opeVation. ♦ fc . * % 

6. Draw circuits showing; testing of .fluid power components and explain what 
problems each test will reveal. * 

,7. Given symptoms of malfunctions in fluid power systems, identify possible 
< malfunctions that'would result in each symptom, ' 

8. List and explain the seven steps that shoukhbe'^fol lowed in troubleshooting 
procedures/ % 

9. Draw and label diagrams of aT hydraulic circuit using an accumulator as 
*an emergency power source and a two-handed pneumatic control circuit. 

Explain the operation of each Gircqit. 
10.' Perform troubleshooting procedures orHftteumatic and hydraulic circuits 
" and prepare a report on the" condition of each c'ircujit. 
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■ _ : -SUBJECT MATTER 

/ • , • 

MAINTENANCE ANP TStftiBLESHOOTING TN FLUIP POWER SYSTEMS 

* * • 

^ Fluid power maintenance is the routine inspection, repair, and replacement 
of components and materials in a fluid power system to ensure the proper and 
efficient operation of that system and to prevent unscheduled stoppages. Trcubl 
shooting . is the collection of methods for locating and correcting a problem 
that develops in the system.' Maintenance and troubleshooting functions tend 
to overlap. For- example^ a routine maintenance procedure js often to listen 
to the pump and note-any unusual no,ise, as such noise is often the first sign 
of developing problems? -Noise is also .an important indicator of the location 
0/ a problem during troubleshooting. 1 1 

Fluid power systems are easily damaged because of the high working forces 
and the close tolerances of surfaces moving under high pressure. They require 
more maintenance than any other power delivery system. -Procedures discussed s 
in this module are primarily 'intended to identify failures in fhe system. They 
are often a part of maintenance procedures since' many circuU problems are 
found during maintenance. The troubleshooting techniques described here are 
employed to locate the' cause of the problem. Emergency troubleshooting can 
be avoided by 3 implementing a wel 1 -pi anned, maintenance program. * \ 

- — 

CAUSES OF *PAItUR£ / * ' ^~ " — * — 

In a well-designed, installed, and maintained fluid power system, failures 
during normal operation are rare. Unfortunately, many systems are subject # 
to buil t-ih Errors and neglect. The following discussion centers on factors 
that contribute to malfunction in fluid power systems. , , 

» <. 

». > ♦ - . • 

t • 

The most common cause of failure of working components -in fluid power 
systems' is contamination of the wording fluid with particles that destroy" seal s 
and metal surfaces in sliding contact. Contamination of the working fluid 
results in scored pistons, rods, and cylinders, deterioration of pump seals, 
and worn valve seats. Particles may stick in sma^ openings and valve compon- 
ents £nd cause malfunctions. If a dirty working fluid is used, Iqaks will 
develop -quickly and components are likely to seize. The life expectancy of 
all components decreases as system cleanliness decreases. 
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Heat is not often a problem in pneumatic power systems, as the working 
fluid acts as a cooling medium and is exhausted to the atmosphere. In hydrau- 
lic power systems, the oil <^rr ies the heat away from components, but the heat 
energy is contained in the recirculating oil and mu^t be removed through jthe 
reservoir walls or by heat exchangers . Heat causes rapid oxidation of hydraulic 
oil and can damage packings and seals and' cause spool, valves to stick. Opera- 
tion at higher .temperatures reduces the lubricating properties of oils and 
may result in more rapid pump wear or seizure in high-pressure, high-speed 
pumps 

flU&ppiMicuUon 

One comnton cause of component failure in fluid power systems is misapplica- 
tion of components. Cylinders are often damaged because they are subjected 
to strains and shock loads' for which they .were not designed. The use of cylin- 
ders with cast iron -covers in applications with high hydrab\ic shocks is sure 
to lead to failures. Long piston rods may be bent if subjected to, side loads 
or if used to develop forces beyond their rated capacity-. In selecting fluid 
power "actuators, the buyer should provide the supplier with detailed informa- 
tion concerning actuator load and use. For most applications, several types 
of actuators are available with varying costs and reliabilities. Inadequate 
components are always less expensive initially, but are often quite costly 
in the long run. < „ " * " ,* 

* \- 

ImpsiopeA FlbUd6 ok Vooti Vlald. McuLrvtznancLZ fc > ^ ^ 

A variety of problems can result in a hydraulic system when a fluid Js 
used whose properties are not suitable for the system* If the viscosity* is 
too low, the pump may wear more quickly and excessive leakage may occur; ^f 
it, is too - high, pump cavitation and sluggish operation may result. If the fluid 
is not compatible with seals or other materials in the system, chemical reactions 
may destroy components. Oil containing water or that is highly oxidized wiU 
promote rust and cofrosion. In pneumatic. systems, component failure often 
results because of inadequate lubrication. 

- ■ ' \ . 
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fawtey InbtaZttvUon 

* v . The following problems may result from ipcorrect installation procedures: 

1. Flow controls may be reversed, limiting flow in the wrong direction. 

2. "". .-Directional controls may be connected incorrectly. This is more probable 

; in . complicated systems involving numerous pilot connections.- 

3. Piping may be too small. This is particularly likely when accumulators 
are used for rapid piston extension in hydraulic systems. "All piping 
must be large enough to provide full fluid flowat velocities less than 
20 fps. Using conductors that are too small in pneumatic systems will 
cause the actuatorvto be- sluggish. 

4. Actuators may be installed with too much back pressure. Long runs of 
exhaust piping. in pneumatic circuits may reduce the actuator spee.d. In 
hydraulic systems, small return lines on the location of an actuator so. 
it must return oil to a reservoir located above it will not usually slow 

*the component but will rob the system of po\jgr because of the pressure 
drop along the line. • 

5. The installation of a hydraulic power unit in an enclosed area with poor 
ventilation is likely, to cause # overheating. The reservoir must be , sun- 
rounded by freely flowing air for proper oil cooTing. 

6. " % Failure to make all drain connections to valves and other comgj^efrts may 

result in improper operation. Many hydraulic components-have nonpos.itive , 
seals that leak a small amount of oil during operation. If this oil is 
not returned ^to the tank, the back pressure in the component will increase 
cmd the compqrrent will not operate properly. 
,7. Actuators may not be firmly anchored. Even a small amount T of "play" in 
'the mount* of a Working cylinder can result in serious damage because of^ 
the ^arge forces involves.' * 
a. Misalignment of piston rods will result in side thrusts on pistons ajid 
rods that may damage seals or cause uneven wear of components.' Misalign- 
ment of rotary shafts lead to the same problems* 
9. Lack of protection for piston rods in dirty Tocttrtpns may'.shorterfr the 
life of rods and seals. ° v * - 

10. Improper anchoring of pipes, tubing, and hoses can result in undesirable 
conductor motion in high-pressure hydraulic systems and can lead to con- 
ductor failure. All piping should be securely anchored. . 
i 
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11. Leaks may occur because of improperly connected pipes and fittings or. be- 
cause of improperly installed seals. All system leaks should be repaired 
immediately. 

Voon. Mcuritznancz < ' 

Most fluid power failures can be attributed to inadequate maintenance 
procedures. A good maintenance program should locate developing problems before 
they become severe and should prevent damage due to fluid contamination. In 
pneumatic systems, the most important maintenance procedures are the cleaning 
of air filters and the refilling and checking of air-line lubricators. In 
hydraulic systems, the most important maintenance item is proper fluid main- 
tenance. This includes cleaning or replacing filters and /replacing oil at 
specific intervals. The condition df all fluid power actuators should be checked 
regularly. t Maintenance procedures for each fluid power system are unique to 
.that system and are dependent upon system design, application, and location. 

% \ 

ImpiopeAZy Vui^md C^Uciut6 •■ ' 

.* * 

. Occasionally, a fluid power^ircuit may be incapable of performing its ' 
,task bedause of errors in system design-. Problems resulting from desigfl errors 
include pressures^ or flow rates that are top low, lack, of speed control, over- 
heating, 1m d actuators that are too smartl-to deliver the required forjce. 

„, * - 

SYMPTOMS OF FAILURE . ' 

■ Table 1 1 i sts some of the more common symptoms of failures in fluid power 
systems and the malfunctions in the system that could le^d those symptoms.' 
Problems that occur only in pneumatiq circuits are indicated by the letter' P; 
those that occ^ur in hydraulic circuits only are followed by the lettqr H; 
and those common to both systems have no designation. ' 
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TABLE 1. COMMON FAILURES IN FLUID POWER SYSTEMS 
• AND THEIR POSSIBLE CAUSES. . 



Component J ' Problem- j 


Possible Cause 


Cyl inders 


Excessive wear on one side I 
of piston rod I 


• Mi sal ignment or side thrust j 

• Incorrect mounting style 1 


Bent piston rod 


• Excessive side load on end 
of piston rod >°s 

• Cylinder used above rated 
pressure ' ^ 


♦ * 

3 

1 

'\ 


f : 

Slow or erratic motion of 
actuator 

. <. ■ ■ ■ 

\ ■ : 


• fir in system (H) 

• Fluid viscosity too high (H) 

• Insufficient lubrication (P) 

• Worn*or damaged pump (H) 

• Leakage through actuator 
seals 

• Leakage through valves 

• Faulty or dirty flow con- 
trol valves 

• Faulty check valve 

• Low fluid level in reservoir 
(H) 

• Defective pressure relief 
valve (H) 

\- Lack of lubrication (P) 


Cylinder, jdoes not move 
- 4-. 


' • Load on the cylinder too 
great 

• System pressure too low 

• Cylinder cushion seized 

• Defective cylinder seal 

• Check valve 'in backwards 

• Faulty pump (H) 

• Stuck directional control 
valve 

Pressure relief valve stuck 
open (H) 


Valves * % 


Solenoid or pilot-operated 
directional 'Control valve 
. does hot operate? 


• Valve actuator received ho 
input signal 

■ • Defective valve actuatofc 

• Dirt caused valve to -stick 

• Lack of lubrication- (P) 


Sequence valve does not open 
. to permit, proper actuator 
sequence 


• Valve pressure setting too 
high 

• Valve spring or seals have 
tailed* 

• Dirty valve * 
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Table 1 . Continued. 



Hydraul ic Power 
Unit (Hydraiilic 
Only) 




Speed control valve does no't 
function properly 



Noisy pump 



No pressure 



Low or erratic pressure _ . 



Overheating of the hydraulic 
o4 1 



Wrong valve setting 

Valve reversed in fluid line 

Dirty valve y 

line pressure fluctuates and 

valve is not pressure com-- 

pensated 



Air in fluid 7 
"Excessive oil viscosity 
Misalignment of pump and 
drive shafts v 
Clogged or dirty filter 
Damaged pump 
Excessive pump speed 
Chattering relief valve 
Loose or damaged inlet line 



Ruptured hydraulic line 

ffessure relief valve" stuck 
open . V 

Pump turning in the wrong 
directionv 
Full pump ftow returned to 
tank through faulty valve 
or actuator 



Air in fluid 

Low oil leve-1 in reservoir 
Defective or -worn pump i- 
Defective pressure relief 
valve 

Defective actuator 



• Continuous operation o^ pres- 
sure 'relief valve 

• Insufficient airflow for 
cool ing reservoir 

•'Reservoir 'too small 

• Dirty flufd ■ 

• Heat exchanger inoperative 

• Piping sized too small 

• Incorrect fluid for system 



TROUBLESHOOTING HYDRAULIC CIRCUITS 

Troubleshooting hydraulic circuits is often a complicated and confusjrjg 
task for several reasons. Many failures have simplrand obvious causes, but 
others may y be difficult to diacjnose and explain, ijhei component often fails 
to functipn~propFriy because of a hidden fault in another component that was 
caused by still another fault in the total system- Hydraulic, system trouble- 
shooting must be approached in a systematic waf in-order to locate and correct 
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all problem's associated with a system failure. This*process usually includes 
several possibTe causes. based on system performance. Suspected components • 
are then tested separately~and the condition of each is determined. Tests 
include disassembly and inspection t of ^ftiponer\ts and measurements of pressure, 
flow rate, and temperature at various points in the system during the operating 
cycle'. Troubleshooting procedures should not be terminated with the location 
of a single fault in the system, particularly if that" fault is related to fluid 
type, condition, or temperature, If one component fails because of these fac- 
tors, others are likely to be affected also: 

* * 

MEASURING EQUIPMENT • ^ 

The most common measurements in hydraulic system troubleshooting are of 

pressure and flow rate. Oil temperature is 'also measuf^ed frequently. 

^Pressure mea-surements . are usually made with Bourdon-type pressure gauges., 

These are available in a wide range of pressure capabilities and some have 

provisions for measuring pressures below atmospheric in the suction line. Pres 

sure gauges usually read directly*' in p<ng for pressure lines -arid inches of 

vacuum for suction lines: 

flow measurements can be madeTwith several types of flowmeters. The most 

tion type consists of a metering'float contained in a tapered tube. The 

floalHs actually made of metal and is .pulled down by gravity. Fluid flow 

around 'the fldat forces it upward. The hei-ght of the float indicates the flow 

> - • * * * ' 

rate on a scale on the side of the transparent flow tube. This type'of flow- 

eter must*be mounted vertically with- the flow upward ? in order to be effective. 
A similar device uses a VLightweight : piston that is spring-loaded and can be ^ 
use^l in a hori^atai^position: Turbine flowmeters and piston and rotary posi,- 
tive-diSplacement type meters way also be used. „ In many systems, a flowmeter 
"is permanently mounted irv-the purtip delivery line for flow monitoring. A pres- 
sure gauge 1$. often .permanently mounted >n the same location. If a flowmeter * 
is not available, the flow rate foir-systems or .components with low flow rates 
can be* determined by catching the return oil in a graduated container for a 
measured time and calculating the volume flow rate. This procedure may be par- 
ticularTy useful in checking the drain lines of spool valves for valve leakage- 
Temperature can be measured at various points *in the system with any \fijri- 
venient-. thermometer. 'The most common measurement is of oil temperature in the 
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reservoir. " If hot spots are suspected th the system, temperatures may be mea- 

sufed just .downstreams of the'" suspected ^rouble spot. One method -that may be * 

successfully used is to bring the sensor of a contact thermometer into .close con-, 

tact with the fluid conductor and 'wrap the area with a thermal insulating material 

A portable hydraulic qircuit fester consists of a flowmeter,* pressure - 

gauge, thermometer* and leading val^e. It is used to test pumps iri systems 1 

that do not have binlt-1ty metering and foKtests at other points in the^ system! 

Figure 1 shows a hydraulic circuit jtester/in a circuit. o Thi s device measures 

fluid flow rate, pressure; and oit temperature at the point of connection in , 

the circuits In Figure 1, the tester is installed for pump measurements and" 

may also be used to deliver specific pressures and to measure total system 

* - - 

* * 4 pressure and fl&w rate as copi- 

• /'fitment's are* actuated. The flow - 

rate of a specific compoient 

\ can be measured-by connecting 

•the tester in series witf\ that 

Component., , 

MEASUREMENT TECHNIQUES 

The performance of the ptpp 1 
can be evaluated- by using the* 
circuit tester connected ss shown 
inTigure^l The pump test pro- 
cedure is outli'ne$l in idadule FL-04, 
"Pump's and Compressors-," and con- 
sist^ primarily 'of measuring the * 

Change in delivery rate as deliv- 

«■ * - . 

ery pressure is varied from atmospheric to the system working pressure. 'This 
data can be us'ed to determine the volumetric efficiency pf the pump. ,A com- 
parison of the result to the pump specifications and past test results wf 1 1 
indicate the amount and rate-af'Wear of the pump. 

The pressure. relief valve can be tested with the same circuit connections. 
This is accomplished by* blocking th£ fVowof oil in the output fluid line^: 
All-fluid must then pass through either the pressure relief -valve or the laad- 
ing valve of the circuit tester. A graph of flow rate versus pressure for 
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Figure 1, Hydraulic Circuit Tester. 
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the pressure relief valve can be drawn from the data collected. ' The operation 
of other pressure-actuated valves, such as sequence valves, may" be tested in 
a 'similar- manner, by appropriate connections of the circuit' tester. _ 
The circuit shown in Figure 1 can also be used to measure total leakage 

•^of the* circuit during holding operations. Jhis is accomplished by setting 
the loading valve to produce a pressure at which the'pressure relief valve 
allows np flow. Oil passing through the flowmeter during holding then indi- 
cates total leakage.' Checking the leakage rate at different points in^the 
machine cycle will often indicate a particular group of components as having 
a high leakage, but usually does not pinpoint" the problem. For example, if 

■ the leakage is. high with a cylinder extended but low with the same cylinder 
retracted, either' the red seals of the cylinder or the* "seal s' of the valves 
in that part of the system are leaking. 

r Actuators can be- checked for leaks by measuring fluid flow to or from 
the actuator, at full extension and fujl retraction. Directional control valves 
can be checked for leaks by measuring the flow through, their drain lines during 
operation. Flowrcontrpl valves can be checked by measuring flow through them 
during the system cycle. For assurance of cprrect measurements for a particula 
component, th*e circuit tester or flowmeter must be placed so it measures fluid 
flow to or from that component only. , 

In -all test procedures, a* list of components to be tested should be pre- 
pared before testing begins.* Each' component should "be tested and the test- 
results recorded. 'Permanent records should be kept of all t test- procedures 
•and , results. These may prove invaluable in future system tests. Maintenance 
procedures' should be modified to prevent the recurrence o| the problem. If 
necessary, the system should be modified for more trouble-free operation. The 
purpose of the troubleshooting procedure is wolf only to fllace the system back 
in'operation but also .to eliminate the need for-future troubleshooting-. 

i * « 

* " r 
TROUBLESHOOTING PROCEDURES , . ' - V 

Troubleshooting techniques vary greatly from one hydraulic power system 
ta another^but some general procedures should always be followed. Tfie follow- 
ing steps are «ssentiaH>arts af aU troublesliootihg.procedure^^ Experienced 
technicians accomplish some of these so automatically that they fail to notice 
the significance of the step- Beginner's should write down and. check their 
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troubleshooting pl§n before beginning^- to ass ur e all steps are covered and no 
procedural errors are- included. 4 

* <e 

1. Operate the system and record operating characteristics* Observations 
- made by the system operator should also be x recorded. Remember that ex- 
cessive or unusual .noise is often* an indication of mal functions. % 

2- Defiffe the component relationships within thfe system. Obtain or draw 
a system schematic and trace fluid flow thYough the system during each 
phase of system operation.. A^lear understanding of the purpose and opera- 
tion, of each circuit component is' essential for troubleshooting 1 !* 

3. Determine the pressures and flow rates to be expected at various points 
in the system. Note these on- the system schematic and in detailed test 
procedures. This will allow the troubleshooter to spot problems iritaediately 
during tests., . ' ' 

4. Based on the operating characteristics and system schematic, establish 

a step-by-step troubleshooting procedure. List-thfi components to be tested, 
the conditions under.which each is" to be tested,. the quantities to be mea- 
sured, and the test-method including the location of measuring equipment. 

5. Conduct system and component tests according to the established trouble^ 
shooting sequence.- In emergency situations requiring the quickes^posfsible 
return of the system to operation, the troubleshooting sequence fnay be^ 
terminated when the faulty component is located. If this is done, the 
test sequence should be completed as soon as possible to ^locate other 
possible faults in the system. If time permits, the troubleshooting 
sequence should be completed r as pl-anned even though one trouble £pot has 

'been located. This may save another system failure in'the near future. 

6. 'Repair or replace faulty components and operate the system with no applied 
load, *If no problems are apparent, operate the system with normal load 
and observe its operation. Additional measurements may- be required at 
this point. * " 

Record all tfest procedures and results in a notebook for future reference. 
If changes are indicated in maintenance procedures or system design, re- 
cord th§se and initiate'the changes ,as soon as possible. 
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TRQUBLESHpOTWG PNEUMATIC CIRCUITS 

Troubleshooting in pneumatic circuits is usually less complicated than in 
hydraulic circuits. All hydraulic system problems associated with the pump, 
resek^blr, pressure relief valve, and fluid return are 'absent Many of the 
problems with actuators and valveS are the same as with the hydraulic systems „ 
as indicated by Table 1. Pneumatic systems have two major problems that are 
.not present in hydraulic systems. The first is lack of lubrication because 
of lubricator failure^ inadequate oil supply. The other is the pres- 
ence of contamination in the air delivery lines that may be carried to the 
component through, a defective filter; Air lines typically, contain water, dirt 
that has' come in through the compressor, and pipe scale. Thus, air-l.ine filter's 
are required near every branch circuit. The f^/Nure of either 'filter or lubri- 
cator will cause problems with both valves and actuators. 

Troubleshooting techniques for pneumatic systems' are essentially the same 
as for hydraulic systems, .Measurements are made with pressure gauges and flow- 
meters. Since filter-regulator-lubricator units often contain pressure gauges, 
pressure tests may be conducted very easily. Problems in the compressor and 
delivery system can b$ identified quickly by measuring the available pressure ' 
and flow rates at various, work stations. Since there are rib fluid return lines 
in -compressed air systems, all leakage ra^es must be measured on th# high- 
pressure side. Pneumatic conductors should be inspected* for leaks ^nd^bad 
connectors, 

SAFETY CONSIDERATIONS y 

The safety of personnel must be a v consideration in the design, operation, 
and maintenance of any fluid power -system. There can be no compromise in fjuid 
power* circuits where safety is concerned. The high fluid pressures, large 
forces, and high speed operations all present serious safety'jiatz^rds, and main- 
tenance and troubleshooting procedqres are often far more* hazardous "than ndrmal 

system operation. ' * \ 

» * 

SAFE7Y CIRCUITS . 

Several fluid power circuit features are often included as safety pre- 

cautions to protect operating personnel, 'figure 2 shows an accumulator used~ 

* * « * _ e 
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as an emergency power source for' automatically retracting a piston in case 
of power failure in the system. The rod end of the cylinder is connected to ^ 
I ^ < the accumulator and maintained at th6 

^maximum wording pressure. A pressure* <> 
relief, valve is included. in this f^art 
of the system to return oil ta the reser7 ; 
voir. during the extension stroke. The 
effective "area of the cylinder is the 
area of the piston minus the area of/, 
the rod, since full pressure is applied 
to both side-s of the piston. The .solenoid 
actuated valve operates the circuit and 
is also part of the safety system/ If 
.there is an' electrical powdr failure, 
this valve is actuated by spring force 
to connect the blank endiof the cylinder * 
to v the drain/. The energjLsto*** in the 
accumulator retracts the 'piston. If 
.any component in the system, fails resulting irt lowered system pressure, the 
pressure of the accumulator circuit will autpmatically retract the piston. 

During troubleshooting operations, safety circuits often present spe- 
cial hazards.^ In this circuit, a failure, that completely shuts the'system down 1 
leaves ^high-pressure hydraulic oil in the accumulator, resulting in; a" potential 

troubleshooter. Testing of this system may require 'that the * 
accumulator be drained. 
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Figure 2. Accumulator as an 
"Emergency Power Source. 
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Figure 3> Two-Handed Safety Control Circuit, 
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Figure 3 shows a two- 
handed safety control -circuit * 
often 4 used for the operation of 
pneumatic presses. Jhe piston 
can b/ extended only if both' 
push birfftons are .dep'ressed/at - 
the s£m6 time-.' - If either is 
released, the piston automata 
cally retracts. The pusVf^SQ^ 
tons are* located' so that* tqey,]" 
cannot be pushed while any "part 



s 



f 



r 



of the operator's body is in'tjifj^th of ijie piston rod. 

-Maintenance operations on such a circuit may require'.that £ne of the but- 
tons be locked in the depressed position during some test- procedures. Such 
procedures should be conducted carefully,, and the button should be released 
immediately after each test run. , ■ " ' ' ' 

SAFETY PROCEDURES AWP REGULATIONS 

The Occupational Safety and Heal th Administration (OSHA) has established 
.safety standards that apply to industry 1 ocations -where hydraulic arid pneumatic 
equipment is operated. Detailed information on OSHA standards and requirements, 
may be found in OSHA publ ication '2072, General Industry Guiae for Applying^ ' 
Safety and Health Standards, 29 CFR, 1910. These standards deal with the. follow- 
ing categories. - 

1. Workplace standards. This category includes the safety of floors, Entrance 
ancUexit ageas, sanitation, and fire prevention. Hydraulic equipment 
must be maintained in a clean and leak-free condition to meet these stan- 
dards. • /f , 

2. Machines^ and equipment standards. Important items in this category include 
mafchine 'guards, inspection and maintenance techniques, safety devices,' 

and the mounting, .anchoring, and grounding of fluid power equipment. 

3. Materials Standards. • These standards specify the acceptable levels of 

. tok-ic fumes, explosive dust particles, and atmospheri^ contamination. f 
Ventilation requirements and methods of handling solvents used in cleaning 
fluid power systems and components; are included. 
4.,* Employed standardsT .These include employee training, personal protection 

* equipment, Shd ritedical and, first aid services. ^ 

5. .Power source standards. Special safety standards are applied to all in- 

, i 

dustrial power-sources* including fluid power sources. 

«. - / . 

6. 'Process standards. Special standards are established for many industrial- 

processes including welding, spraying, dipping, machining, and abrasive 
blasting. These standards do not apply directly, to fluid power but in- 
• , fluferic'e the design of 'fluid power systems used in such applications,. 
1 : ; Administrative -standards-. — Industries are required^ to_pos_t statements 
- of the rights and responsibilities of both employees and the industry 

* and to keep safety records on accidents. 

1 
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SUMMARY 

c »- » I 

\ 

" - Maintenance and troubleshooting operations in fluid power systems employ 
many of the same techniques. Troubleshooting techniques are intended to locate 
malfunctions in the system,. to correct them, and to prevent their recurrence 
by modification of the. system or maintenance procedures* Troubleshooting is 
best accomplished during scheduled maintenance periods, and better maintenance 
programs result in less emergency, troubleshooting to restore system operation 
after breakdowns. * J . , 

The most common cause of system failures in both -pneumatic and hydraulic 
sysjtems 'is dirt in the working fluid. In pneumatic systems , *this is followed 
closely by lacK of lubrication. Common problems in hydraulic systems include 
low oil levels in the reservoir and poor oil condition. 

Troubleshooting techniques include' identifying the prg^able trouble spots 
and checking the operation of each component by pressure, flow ra*te\ and tern- 
perature measurements .< Future problems may often be avoided by checking every 
item' on the list of .suspected components because more than one component is 
likely to be involved irv many system problems. c * 

Safety standards and regulations should be followed during both system 
operation and maintenance. 



EXERCISES • . ■ ' "- r 
^ ^ 



1. List and explain seven causes of failure in -fluid power systems. Include 
|the ,steps to be taken Jto prevent the recurrence of a failure resulting 

* frpm each. * " , 

2. List arid explain 10 common mistakes. in /Hu^ti pbwer installations. 

3. Draw and lab£l a hydraulic circuit tester and explain its operation. 

4. Draw, label, and explain the following safety circuits. Include the po- 
tential hazards for a tethnician during troubleshooting procedure^. 

a. Accumulator as* an emergency power source 

b. Two-handed safety -control circuit 

5. ' Draw a schematic of a flu fd power circuit using a directional control. 

valve, two sequence "valves, and two flow control valves to control the 
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operation* of two hydraulic cylinders. The speed of each, piston is to 
be controlled on the extension stroke but not on the retraction stroke." , 
. The 'cyl inder that extends last also retracts last. " Discuss the probable 
causes of the following symptoms in this Circuit; 

a-. Actuator's operate in the proper sequence, but both are sluggish , * . 

' - . ' / 

^-v. during extension and retraction. 

- * b. The actuator that extends first operates properly, but the second 

actuator is slug§ish on both extension and retraction.' 

jc. Ooe' actuator extends too rapidly and retracts too slowly. 

d. The second actuator extends slowly and erratically but' retracts . 
properly. , ^ ^ $ 

e. Both actuators have a tendency to be erratic or jerky in operation. . 
This is accompanied, by unusual noises apparently coming from the 
actuators and piping. 

6. ' For each set of symptoms listed for the circuit in Problem -5, write a 

li#t of test procedures that will reveal any problems in the system. 

7. Draw a Schematic of a hydraulic circuit in which a three-position, spring- 
centered directional control valve is used to control a cylinder for posi- 
tioning a heavy load on a horizontal rail. A flow control v^lve is used 
•to give the same piston velocity for both extension and retraction. Dis- 
cuss the probable causes'of the following fail ure symptoms in this circuit: 

a. Piston will extend but will not retract. 

b. Piston extends and retracts too slowly. 

c. Piston extends too slowly but retracts at the proper speed. 

d. Piston retracts too slowly but extends at the proper speed. 

e. - Piston extends too slowly and retracts too rapidly. 

8. For each set of symptoms listed for the cffcuit in Problem 7, write a 
list of test procedures that is most likely to return the system to proper 
operation in the shortest time. 

9. Redraw the circuit in Problem 7 with an accumulator installed as an auxiliary 
o power source for moving the^eylinder in either direction. Explain how 

this inclusion changes each of the test procedures in Problem 8. 
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LABORATORY MATERIALS 



Hydraulic power unit ^ 

Hydraulic circuit tester or appropriate flowmeter, pressure gauge, themometer, 

' and loading valve t 
Hydraulic components to include directional control valves, pressure relief 

, valve, sequence valves, flow control valves, and actuators 
Connecting hoses 

Mechanical load for hydraulic power system 
Notebook 



LABORATORY PROCEDURES 




In this laboratory, the student will troiibleshoot a hydraulic power system. 
The system may be assembled by the instructor prior to the lab or may be built 
by the student according to directions supplied by the instructor. The-system 
may contain either design faults or wor% or inoperative components. 

1. Assemble; the system as indicated in the instructions .provided by the in- 
structor, using the -designated components. Attach the actuator to the 
mechanical load as specified. . « 

2. Operate the "system according to instructions and observe system operation. 
Note any symptoms of failure or problems in -the laboratory notebook. 

3. Prepare a schematic diagram of the circuit. List the functions of the 
major components and the sequence of control operations in the circuit. 

4. Determine the flow "rates* and pressures to be expected at key points in 
% the circuit throughout the operating cycle based on the schematic and 

the pressure and flow 'rate from system design data. The rated delivery 

of the pump w«ill usually be given the pump data plate. The pressure 

can be determined;by dividing the maximum load of the system^by the area 

piv the working piston. Record pressures and flow rates on the circuit" 

schematic. Identify the conditions necessary for eajjh data point. 

Establish a step-by-step troubleshooting procedure for this system. List 

components to 4 be. tested, test procedures, Land expected results. 

» 

6. Conduct all tests in a safe manner.' Record all test results in the labora- 
tory notebook. 
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,7. Identify and explain faults in, the system and the conditions that have 
caused these faults. *' 

8. Replace faulty components or correct the circuit assembly for proper opera- 
tion- Test the circuit with no-load and with its normal working load 

to assure proper operation. 

9. Record changes necessary for proper operation of the circuit without the 
recurrence of this problem. Include circuit and component changes and 

1 reeoB»nendedHBa4trtOTance . procedures . Ihe completed n otebook ^ho'uld conta i n 

, a history of troubleshooting techniques, the results of all tests, evalua- 
tion of problems, and all recommendations .concerning the system. . 

10. • Discuss briefly how this system could be made more energy efficient. (See 
Module FL-07, "Fluid Circuits.") 

, w REFERENCES 
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Stewart, Harry L. Pneumatics and Hydraulics . Indianapolis, IN: Theodore 
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Howard W. Sams and Co., Inc., 1977. 



■ / GLOSSARY 

Emergency hydraulic power source : A hydraulic power system using an accumula- 
tor for the automatic retraction of a piston in case of^ower failure. 

Hydraulic circuit tester ; 'A testing device for hydraulic troubleshooting that 
includes- a pressure gauge, a flowmeter, a thermometer, and a circu-it load' 
ing valve. * : 

Troubles hoot-ing : A collection of techniques for locating problems in fluid 

power systems, returning the systems to operation, and determining the 
cause of the problem so that recurrence may be prevented. 
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Two-handed control circuit : -A safity control circuit used Tri press *appl ica- 
,tions in which the operator mu\£ use both hands to actuate the press while 
standing clear of the machine. • 
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TEST 

1. The most common cause of failure of working components in a hydraulic 
power system is . . . 

a. misapplication of the componeat. 

* - b. §lirt in the system. 

c. improper circuit design. 

d. overheating of seals. 

' e. None of the above are true. 

2. A major cause of actuator failure in pneumatic systems that is usually 
not a problem in hydraulic systems is ... 

a. lack of lubrication. 

b. sid£ loading of piston rods. 

c. excessive temperatures. 

d. 'Both a and c are true. 

e. None of the above are true. 

3. The two quantities that must be measured for troubleshooting of hydraulic 
systems are ... , \ 

a. ' oil temperature and f low rate. 

b. oil temperature and pressure. 

c. oil pressure and flow rate. 

d. oil viscosity and pressure. 

e. oil viscosity and fljow rate. / > 

4. In order to check the operation of a pressure relief valve ... > 

a. oil flow to the rest of the system must b£ blocked. 

b. a flowmeter must be connected between the pressure relief valve and 
the reservoir. " 

c. a pressure gauge must be connected between the pump outlet and the 
pressure relief valve. . \ 

d. * Bpth a and c are true. \ 

e. All of the above are true, 

5. Overheating of the hydraulic fluid does not indicate which of the following 
possible problems? 

a. P'ipjntj sized too small < 
t>. Pressure relief'valve set to maintain a pressure that is^too high 
— — c.^Insufftel^ntn^ 
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d. Excessive leaks through spool valves 

e. Reservoir sized too small * * 

6. In a hydraulic circuit, an actuator is operated by a sequence valve, that 
directs fluid to it after another part of thg cycle is completed, -The 
piston speed is controlled by a fluid flow-valve in series with the cylinder 
for exhaust metering during extension. If the piston will not extend, 
whicb of the fallowing is not x a possible cause? 

a. »Flow vaVve is installed backwards. ' 

b. - Pressure setting of sequence valve is too high. 



c. Pressure setting of pressure relief valve is too low, * 
^ d. % Both a and c are true. ' ^ 

7. In emergency troubleshooting to return a system to service when an actuator 

4 

is sluggish or erratic, which of the following steps should be taken before 
any of the others? \ 
-ai. Replace the actuator. 

b.^Xheck the pump output and volumetric efficiency. f 
' p. Consult the circuit schematic and identify all components control Ting 
* cylinder operation. jf 

d. Replace directional control valves in the circuit. 
' e. Measure the fluid flow rate to the actuator. 

8. In a hydraulic power systetn, all Actuators operate too slowly. Which 
of the following could not cause this problem? , C ^ 

a. Pressure relief valve is leaking. 

b. Pressure setting of pressure relief valve is too low. 

c. Pump seals have worn /reducing the volumetric efficiency. ■ 

d. Fluid level in the reservoir is too low, allowing air to enter the 
suction line. . i 

e. Both b and d are true. * ^ 

9.. Which of the following is true of a hydraulic 'press circuit using an accum- 
(ri^tor as an emergency power source for automatically retracting the piston 
fn case of a power failure? 

a. The accumulator must be connected to the rod end of the cylinder 
through a check valve. 4 

b. A check valve must be located directly after tfje pump output.* 

c. . The pressure relief valve must be replaced with a pump unloading 

valve. 

i 
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d. At a given maximum system pressure, the maximum force developed by 
the piston will be lower than for a similar system without an^ 
accumulator. <■ 

■" • e: None of the above'are true. ' • . 

10. Which of the following are not specified by OSH/V as safety requirements 
for fluid power systems? 
*a. " Cleanup for a 1*1 spilled fluids to prevent fire* hazards and falls 

' " b. Secure mounting and anchoring of all actuators * •* 

_ _____ , , f ^ 

c. Adequate ventilation durtng the use of cleaning solvents 
* d. /Prpvisions for training operating personnel ' and provision^ for first 

°aid services * 6 4 

t » 

e. All of the aboye 
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